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ANNUAL  RT:P0ET  OF  THE  COUNCIL. 


THE  NOETH  OF  ENGLAND  INSTITUTE  OF  MINING 
AND  MECHANICAL  ENGINEERS. 


ANNUAL  EEPOET  OF  THE  COUNCIL,  1899-1900. 


The  following  table  shows  the  progress  of  the  membership 
during  the  last  three  yeai's  :  — 


Year 

ending  August  1st. 

1898. 

1899. 

1900 

Honorary  Members. 

dO 

29 

30 

Members 

859 

870 

883 

Associate  Members . 

115 

126 

132 

Associates 

103 

109 

108 

Students 

51 

62 

59 

Subscribers   ... 

'2-Z 

23 

•23 

Totals         L180        1.219        1.235 

The  continuing  increase  of  the  membership  is  a  matter  of 
congratulation.  110  members  of  all  classes  have  been  added  to 
the  register  during  the  past  j^ear,  and  after  allowing  for  losses  by 
deaths  and  resignations,  there  is  a  net  increase  of  10  members. 

The  deaths  include  Messrs.  T.  W.  Asquith  (who  had  served  on 
the  Council),  Samuel  Uailey,  Thomas  lirown,  Joseph  Chater,  E.  S. 
Clark,  H.  D.  Cowan,  E.  W.  Crone,  J.  Douglas,  E.  Elsdon,  J.  W. 
Foster,  H.  Henderson,  J.  Hodgson,  J.  G.  Joicey,  G.  F.  Labram 
(killed  during  the  siege  of  Kimberley),  E.  Nasse,  S.  Oliver,  J.  M. 
Eogers,  L.  I.  Seymour  (killed  in  an  engagement  at  Zand  Eiver), 
W.  Smyth  and  I.  A¥.  H,  White. 

The  following  gentlemen  have  ceased  to  be  members,  etc., 
during  the  past  year: — Messrs.  A.  M.  Armstrong,  C.  Andersen, 
C.  F.  Andrews,  H.  Ashcroft,  F.  H.  Backhouse,  G.  Bellingham, 
S.  A.  S.  U.  Bilgrami,  J.  Bree,  J.  Brown,  M.  Corbitt,  F.  L.  Cork, 
J.  S.  Cowell,  F.  Croudace,  B.  G.  Dickson,  E.  C.  van  Diest,  J.  A. 
Dixon,  J.  M.  Donald,  J.  Fairs,  F.  J.  Ferens,  Gillmore  Goodland, 
T.  E.  Hardy,  F.  G.  Harvey,  J.  E.  Hetherington,  E.  G.  Higby, 
E.  Hodgson,  J.  Hosking,  C.  Kaufman,  AV.  Kennedy,  T.  C.  Kerry, 
W.  Little,  H.  T.  Mai'ks,  W.  Mordy,  C.  E.  Northcott,  M^  Pratt, 
A.  Eichards,  A.  F.  Seccombe,  J.  Shaw,  W.  M.  Shore,  P.  W.  Smith, 
J.  Spiy,  C.  D.  Sullivan,  J.  Thom,  E.  Waters,  J.  Webster,  D.  W. 
Welch,  J.  J.  Whitehead,  L.  Wills,  T.  P.  Yeoman  and  W.  A. 
Young. 

The  Library  has  been  maintained  in  an  efficient  condition 
during  the  year.  The  additions  by  donation,  exchange  and  pur- 
chase, have  been :  — 

Bound  vohmies     ...         ...         ...  •■         ...         ...  .  390 

Pamphlets,   Reports,   etc.  ...         ...  ..         299 

A  total  of 689  titles. 
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And  the  Library  now  contains  ahoiit  8,-389  volumes,  and  2,299 
iinboiuid  pamphlets. 

The  sets  of  some  of  the  files  of  publications  are  incomplete, 
owing  to  the  loss  of  volumes  or  parts,  and  it  is  urgently  desired 
that  members  will  return  the  missing  volumes,  etc.,  to  the 
librarian.  The  ("ounoil  have  been  reluctantly  compelled  to  decide 
that  unbound  publications  shall  be  withdrawn  from  circulation. 

Members  would  render  useful  service  to  the  profession  by 
presentations  of  books,  reports,  and  plans  to  the  Library,  where 
the}'  would  be  available  for  leference. 

By  arrangement  with  the  Literaiy  and  Philosophical  Society 
of  Xewcastle-upon-Tyne,  the  members  of  either  Institution  are 
permitted  to  refer  to  the  books  in  the  Library  of  the  other  society. 
The  members  ai'e  also  permitted  to  enter  the  Museum  of  the 
^Natural  History  Society,  in  Xewcastle-upon-Tyne. 

'J'he  Libraiy  contaius  the  complete  publications  (maps, 
memoirs,  etc.)  of  the  Geological  Survey  of  the  United  Kingdom. 
Thej'  are  available  for  reference  by  members,  but  may  not  be 
removed. 

The  Durham  College  of  vScience,  at  the  suggestion  of  the 
Council,  lias  arranged  a  three  years"  course  of  lectures  fur  colliery- 
engineers,  enginewrights,  and  apprentice  mechanics,  commencing 
in  iJctober  in  each  year.  The  lectures  are  delivered  on  Saturday 
afternoons,  and  the  course  is  as  follows :  — 

19U0-1.  Michaelmas  Term,  (1)  Mensuration,  and  (2)  Chemistiy 
of  Fuel.  Epiphany  Term,  (-j)  Strength  of  Materials,  and  (4) 
Experimental  Mechanics. 

1901-2.  Michaelmas  Term,  (5)  Theoretical  Electricity,  and 
((i)  Haulage  and  Winding.  Epiphany  Term,  (T)  Steam-engines 
and  Boilers,  and  (8)  Electrical  Engineering. 

19U2-;5.  Michaelmas  Term,  (9)  Metallurgy  of  Iron  and  Steel, 
and  (10)  Pumping  and  Ventilation.  Epiphany  Term,  (11)  Trans- 
mission of  Power,  and  (12)  Mining  Machinery  (chiefly  used  under- 
ground. 

Several  colliery-owners  have  paid  the  fees  (30s.  per  annum) 
and  railway-expenses  of  pupils  attending  the  classes  from  their 
respective  collieries.  During  the  past  year,  the  lectures  during 
the  Michaelmas  Term  were  attended  by  89  students,  52  sat  for 
examination,  and  28  passed  ;  and  during  Epiphany  term  there 
were  74  students,  49  were  examined,  and  -'50  passed. 

The  adoption  of  a  composition,  varying  with  age,  payable  in 
lieu  of  future  siibscriptions,  has  been  generally  -approved,  as 
evidenced  by  the  number  of  members  who  have  compounded. 
The  scale  of  rate  is  : — Under  30  years  of  age,  £31 ;  over  30  years, 
£27  ;  over  40  vears,  £24 ;  over  50  years,  £21 ;  and  over  60  years, 
£17. 

The  Rejmrt  of  the  Committee  of  the  North  of  England 
Institute  of  Mining  and  Mechanical  Engineers,  and  the  Midland 
Institute  of  Mining,  Civil  and  Mechanical  Engineers  on  Mechanical 
Ve7itilators  has  been  published  by  The  Institution  of  Mining 
Engineers.  The  thanks  of  the  Institute  were  due  to  the  members 
of  the  Committee  for  the  interesting  and  valuable  report  which 
has  been  drafted  by  their  honorary  secretary. 
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An  Account  of  the  Strata  of  Northumberland  and  Durham  as 
proved  hy  Borings  and  Sinkings  has  been  published  in  six  volumes. 
Members  are  desired  to  send  copies  of  any  unpublished  sections 
of  strata  in  these  counties,  or  their  section  books  on  loan,  in  order 
that  the}-  may  be  published  in  a  supplementary  volume. 

The  prices  of  the  Transactions  (vols.  i.  to  xxxviii.)  have  been 
considerably  reduced,  and  members  are  desired  to  complete  their 
sets  before  the  stock  is  exhausted  (vols,  iii.,  iv.,  v.,  vi.  and  xxi.  are 
now  out  of  print). 

Arrangements  have  been  made  for  the  holding  of  meetings 
for  the  reading  of  papers  and  discussions  by  the  junior  members, 
and  the  Council  trust  that  the  associates  and  students  will  attend 
and  ensure  their  success. 

Mr.  M.  Walton  Brown  has  been  appointed  to  represent  the 
Institute  at  the  conference  of  corresponding  societies  of  the  British 
Association  for  the  Advancement  of  Science  to  be  held  at  Bradford 
in  .September,  1900.  Messrs.  M.  AValton  Brown,  C.  C.  Leach,  H. 
Louis  and  John  A'ivian  attended,  as  delegates,  at  the  receptions 
of  the  Societe  des  Ingenieurs  Civils  de  France  in  connexion  with 
the  Paris  Exhibition  from  June  loth  to  20th,  1900.  Messrs. 
Alexander  Agassiz  and  R.  P.  Rothwell  represented  the  Institute 
at  the  commemoration  exercises  held  in  October,  1899,  to  celebrate 
the  hundreth  anniversary  of  the  foundation  of  the  Connecticut 
Academy  of  Arts  and  Sciences.  Mr.  John  Daglish  represents  the 
Institute  on  the  Council  of  the  Durham  College  of  Science.  Mr. 
W.  Cochrane  is  the  representative  of  the  Institute  on  the  Science 
and  Art  Committee,  and  Mr.  Henry  Ayton  on  the  Scholarships 
Committee  of  the  Xorthumberlatad  County  Council.  Mr.  AV. 
Cochrane  also  represents  the  Institute  on  the  board  of  directors 
of  The  Institute  and  Coal  Trade  Chambers  Company,  Limited. 

Prof.  H.  Louis  gave  evidence  on  behalf  of  the  Institute  before 
the  Department  Committee  upon  the  work  of  the  Greological 
Survey  of  the  United  Kingdom. 

The  representatives  of  this  Institute  on  the  Council  of  the 
Institution  of  Mining  Engineers  during  the  past  year  were  as 
follows: — Messrs.  Henry  Armstrong,  AVilliam  Annstrong,  J. 
Batey,  W.  C.  Blackett,  Bennett,  H.  Brough,  T.  Forster  Brown, 
A.  Gr.  Charleton,  William  Cochrane,  Benjamin  Dodd,  G.  B. 
Forster,  T.  E.  Forster,  John  Gerrard,  Reginald  Guthrie,  John  L. 
Hedley,  T.  E.  Jobling,  A.  C.  Kayll,  C.  C.  Leach,  Henry  Louis, 
John  'Morison,  Henry  Palmer,  T,  O.  Robson,  F.  R.  Simpson, 
A.  L.  Steavenson  and  J.  G.  Weeks. 

Mr.  G.  C.  Green  well,  one  of  the  original  members,  a  past- 
president  and  an  honorary  member,  in  order  to  further  promote 
the  original  object  for  which  the  Institute  was  founded,  namely 
"  for  the  pui'pose  oi  forming  a  society  to  meet  at  fixed  periods  and 
discuss  the  means  for  the  ventilation  of  coal-mines,  for  the  pre- 
vention of  accidents,  and  for  general  purposes  connected  with  the 
winning  and  working  of  collieries,"  has  offered  a  donation  of  £100 
to  provide  for  the  annual  award  of  gold,  silver  and  bronze  medals 
for  papers  recording  the  results  of  experience,  and  the  deductions 
and  practical  suggestions  of  the  writers,  for  the  avoidance  of 
accidents. 
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TliL^  ioUowiug-  additional  excliauges  have  been  arranged  during 
the  year  :  — 

Uullotin  Kusse  de  Stutisticjue  Financicre  et  cle  Legislation. 
Geological  Survey  of  the  Colony  of  Natal. 
The  University  CTCological  Survey  of  Kansas. 

The  Council  are  of  opinion  that  the  experience  of  the  past  has 
proved  the  desirability  of  forming  a  Benevolent  Fund  in  connexion 
with  the  Institute,  similar  to  the  Benevolent  Fund  of  the 
Institution  of  Civil  Engineers,  established  in  18G4,  -when  the 
membership  of  that  Institution  v\as  much  less  (1,040)  than  the 
present  membership  (l,"-2-J5)  of  the  Institute.  There  is  no  doubt 
that  a  well-managed  and  adequately-supported  Benevolent  Fund 
would  prove  advantageous  to  members  wlio  may  be  overtaken  by 
misfortiuie.  The  (question  of  the  promotion  of  a  general  fund  is 
being  considered  by  The  Institution  of  Mining  Engineers. 

l^iizes  of  books  have  been  awarded  to  the  writers  of  the  follow- 
ing papers  communicated  to  the  members  during  the  year  1898- 
99:  — 

"  The  Western  Interior  Coal-field  of  America."     By  Mr.  H.  Foster  Bain. 
"  Transvaal  Coal-field."     By  Mr.  William  Peile. 

"The  Ore-deposits  of  the  Silver  Spur  Mine  and  Neighbourhood,  Texas, 
Queensland."     By  Mr.  H.  G.  Stokes. 

The  papers  contributed  during  the  year  are  as  follow  :  — 

"  The  Dri\'ing  of  a  Stone-drift  at  the  West  Wylam  Collieries."      By  Mr. 

Sidney  Bates. 
"  The  Kalgoorlie  Gold-field."     By  Mr.  S.  J.  Becher. 
"  Description  of  Present  and  Proposed  Methods  of  Operating  Vinton  No.  3 

Colliery,  Vintondale,  Pennsylvania,   U.S.A."      By  Mr.    Clarence  R. 

Claghorn. 
"Some  Silver-bearing  Veins  of  Mexico."     By  Mr.  Edward  Halse. 
"Automatic  Sprayer  for  Preventing  Accumulations  of  Dust  in  Mines." 

By  Mr.  R.  Harle. 
"  The  Coal-fields  of  Natal."     By  Mr.  Wm.  Taylor  Heslop. 
"  Tlie  Composition  of  Certain  British  Coals."     By  Prof.  Henry  Louis. 
"  Ore-deposits  of  Mount  Ljell,  Tasmania."     By  Mr.  J.  J.  Muir. 
"The  Mineral  Resources  of  Tasmania."     By  Mr.  John  J.  Sandeman. 

The  connexion  with  The  Institution  of  Mining  Engineers  has 
noAv  existed  for  eleven  years.  During  the  j^ast  year,  meetings 
have  been  held  at  Sheffield  in  September,  1899,  in  London  in 
June,  1900,  and  in  Paris,  in  connexion  with  the  International 
Congress  of  Mining  and  Metallurgj',  in  June,  1900.  The 
members  may  be  congratulated  upon  the  number  and  varied  nature 
of  the  papers  printed  in  the  l^ranaactions,  and  the  Council  trust 
that  similar  contributions  will  be  forwarded  as  liberally  in  the 
future. 


The  rooms  of  the  Institute  have  been  used  by  the  following 

defies,    etc.: — Bee-koepers'    Association,    Clerks'    Provident 

n,    Congrega,tional    Union    of    England    and    Wales, 

Society,  National  Telephone  A^ocal  Society,  Northern 


Societi 
Association, 
Economic 

Allotments  Society,  and  the  Northern  Architectural  Society. 
In  conclusion,  the  Council  desire  to  impress  upon  the  members 
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that  tlie  success  of  the  Institute  in  the  future  is  dependent  upon 
an  increase  in  the  nienibershiiJ,  so  as  to  meet  the  increased 
exjjenses  incurred  by  its  connexion  with  The  Institute  of  Mining 
Engineers. 


REPOET  OF  THE  FINANCE  COMMITTEE. 

The  Finance  Committee  submit  herewith  a  statement  of 
accounts  for  the  twelve  months  ending  June  -iOth,  1900. 

The  total  receipts  during  that  period  were  £2,687  14s.  7d. 
Ci  this  amount,  ,£127  was  paid  as  life-compositions  in  lieu  of 
annual  subscriptions,  and  £74  2s.  represented  subscriptions  paid 
in  advance,  leaving  £2,486  12s.  7d.  as  the  ordinary  income  of 
the  3'ear,  as  conip.ared  with  £2,579  4s.  2d.  in  the  previous  year. 
The  decrease  is  caused  b}'  the  fact  that  in  the  previous  year  one 
and  a  half  j^ear's  interest  on  the  mortgage  of  the  Institute  and 
Coal  Trade  Chambers  Company,  Limited,  was  included,  and  in 
that  year  also  interest  was  received  from  the  bankers  on  sums 
deposited  with  them,  which  have  since  been  withdrawn  for  the 
l)urpose  of  pajment  of  the  cost  of  alterations  to  the  Wood 
Memorial  Hall. 

The  ordinarj^  expenditure  amounted  to  £2,069  12s.  7d., 
leaving  a  balance  of  ordinary  receipts  over  ordinary  expenditure 
of  £417.  There  was  also  paid  the  balance  of  the  cost  of  altera- 
tions to  the  AVood  Memorial  Hall,  £-j78  Is.,  making  the  total 
payments  for  the  year  £2,447  l-'Js.  7d. 

During  the  year,  £421  15s.  has  been  written  off  the  amount 
of  subscriptions  and  an-ears.  This  large  sum  is  due  to  the  Council 
having  removed  from  the  list  all  members  who  had  failed  to 
respond  to  numerous  applications  for  subscriptions  and  arrears. 
The  collection  of  the  amounts  due  in  many  cases  has  been  placed 
in  the  hands  of  the  solicitors,  and  a  portion  will  subsequently 
be  recovered  and  credited  to  the  year  in  which  the  sums  are 
received.  It  is  to  be  regretted  that,  even  after  the  amount  has 
been  struck  off  as  shown  above,  there  is  still  a  veiy  considerable 
srrm  in  arrear,  the  amount  of  subscriptions  for  the  yeai*  1899-1900 
yet  unpaid  being  £286  10s.,  and  for  previous  years  £60  18s.  The 
Committee  would  impress  upon  the  members  the  necessity  for  the 
payment  of  subscrij^tions  at  the  time  when  they  become  due,  in 
order  to  avoid  the  considerable  inconvenience  and  loss  which  are 
otherwise  caused. 

John  G.  Weeks. 

July  21st,  1900. 


ACCOUNTS. 


Dk. 


The  Treasubeb  in  Account  with  The  Nohth  op  England 

fob  the  yeae  ending 


£      s. 

d. 

527  18 

9 

47     0 

8 

0     4 

4 

June  30th,  1899. 

To  Balance  at  Bankers  

„         .,        in  Treasnrer's  hands 

„  Outstanding   Amount   due   for   Authors'  Excerpts 
June  30th,  1900. 
To  Dividend  of  7^  per  cent,  on  146  Shares  of  £20  each  in 
the  Institute  and  Coal  Trade  Chambers  Company, 

Limited,  for  year  ending  June  30th,  1900 219 

,,  Interest  on  Mortgage  of  £1,400  with  the   Institute  and 

Coal  Trade  Chambers  Company,  Limited.    ...         ...         49     0 


Sale  of  Traitsactions 


0     0 


To  Subscriptions  fob  1899-1900  as  follows 
677  Members 
85  Associate  Members    ... 
90  Associates 
53  Students 
69  New  Mei^bers 
15  New  ilembers  (not  yet  elected) 
21  New  Associate  Members 

6  New  Associates 

1  New  Associate  (on  account) 
10  New  Students 


23  Subscribing  Firms  ... 


2,020  10     0 
96  12     0 

2,117     2     0 


To  LiFH  Compositions  : — 

3  New  Members           £72  0  0 

1  New  Member  (not  yet  elected)       ...  24  0  0 

1  New  Student              31  0  0 


Less — Subscriptions  for  current  year  paid  in  advance 
at  the  end  of  last  year... 


Add — Arrears  received 


Add — Subscriptions    paid    in    advance    during    the 
current  year 


127     0 

0 

2,244     2 
86     2 

0 
0 

2,158     0 
155  14 

0 
0 

2,313  14 

74     2 

0 
0 

575     3    9 


268    0    0 
31  18     7 

3WS:— 

@  £2  2s. 

1,421  14 

0 

@  £2  2s. 

178  10 

0 

@  £1  5s. 

112  10 

0 

@  £1  5s. 

66     5 

0 

(2)  £2  2s. 

144  18 

0 

@  £2  2s. 

31  10 

0 

@  £2  2s. 

44     2 

0 

@  £1  5s. 

7  10 

0 

1     1 

0 

@  £1  5s. 

12  10 

0 

2,387  16    0 


£3,262  18    4 


ACCOtJNTS. 


XI 


Institute  of  Mining  and  Mechanical  Engineers. 
JUNE  30th,  1900. 


Cb. 


June  30th,  1900. 

By  Circulars,  etc. 
„  Cleaning  Offices 

„  Coals,  Electric  Light,  Gas  and  Water 
,,  Expenses  of  General  Meetings 
„  Blre  Insurance 
„  Furniture  and  Repairs 
„  Incidental  Expenses 
„  Library — Binding 
,,         „  Books 

„  Postages — Circulars 

„         ,,  Correspondence 

„         „  Reports 

,,  Prizes  for  Papers 

„  Rates  and  Taxes 

,,  Rent  of  Offices 

,,  Reporting  General  Meetings 

„  Salaries,  Wages,  Auditing,  etc.    ... 

„  Stationery,  etc. 

,,  Telephone  Rent,  etc. 

,,  Translations  of  Papers 

By  The  Institution  of  Mining  Engineers     ... 

Less — Amounts  paid  by  Authors  for  Excerpts 


By  Wood  Memorial  Hall:  Alterations 

By  Balance  at  Bankers 
„  „        in  Treasurer's  hands 

,,  Outstanding  Amount  for  Authors'  Excerpts 


£      s.    d. 


... 

67 

13  7 

33 

12  1 

54 

1  11 

22 

3  0 

13 

7  9 

33 

8  3 

11 

1  8 

E47  3 

0 

39  0 

7 

86 

3  7 

46  13 

3 

9  18 

9 

12  8 

8 

fJ9 
6 

0  8 
6  0 

.•. 

21 

6  9 

22 

1  10 

18 

11  0 

380 

16  9 

29 

5  10 

5 

13  8 

2 

14  0 

1,192  12     0 

0    7    9 


s.   d. 


753    3    2 

61  17     3 

0     4     4 


m    8    4 


1,192     4  3 

2,069  12  7 

378     1  0 

2,447  13  7 


815     4     9 


We  have  examined  the  above  account  with  the  books  and  vouchers 
relating  thereto,  and  certify  that,  in  our  opinion,  it  is  correct. 

JOHX  G.  BENSON  AND  SON, 

Chaeteeed  Accofntants. 

Newcastle-upon-Tyne, 

August  4th,  1900. 


£3,262  18    4 
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ACCOtNTS. 


1)1£. 


Thb  Theasuhee  in  Account 


To  870  Membei's. 

45  of  whom  have  paid  Life  Compositions. 


825 


@  £2  2s. 


To  126  Associate  Members, 

8  of  whom  have  paid  Life  Compositions. 


(S>  £2  2s. 
@  £1  5s. 
@  £1  5s. 


@  £2  2s. 


118 

To  109  Associates 

To     62  Students 

To     23  Subscribing  Firms 

To     69  Xew  Members 

To     15  Xew  Members,  not  yet  elected... 

To       3  Xew  Members,  paid  Life  Composition 

To       1  New  Member,  not  yet  elected,  paid  liife  Composition 

To     21  New  Associate  Members  @  £2  2s. 

To       7  Xew  Associates  (^  £1  5s. 

To     10  Xew  Students  @  £1  5s 

To       1  New  Student,  paid  Life  Composition  ... 

To  Arrears,  as  per  Balance  Sheet  1898-99        ...         

Add — Fines  ... 

.irfrf—1  Member,  paid  for  1898-99  

To  Subscriptions  Paid  in  Advance  


£       s.    d.       £       8.  d 

1,732  10  0 

247   10  0 

136     5  0 

77  10  0 

96  12  0 

144  18  0 

31   10  0 

72     0  0 

24     0  0 

44     2  0 

8  15  0 

12  10  0 

31     0  0 


2,659     8     0 


£506  2  0 
17  0 
2     2     0 


509  11     0 

3,168  19     0 
74     2     0 


£3,243     1     0 


ACCOUNTS. 


XIU 


WITH   SUBSCEIPTIONS,   1899-1900. 


Ce. 


PAID.  UNPAID. 

£      s.  d.        £      s.  d. 

By  677  Members,  paid (gi  £2  2s.    1,42114  0  

By  106         „  unpaid  ...  (;«)  £2  2s.  222  12     0 

By    33         „  struck  off  list  @  £2  2s 

By      9         „  dead @  £2  2s 

825 

By    85  Associate  Members,  paid  @  £2  2s.       178  10  0  

By    22         ,,  „         unpaid       i^  £2  2s.  46     4     0 

By    11         „  ,,  struck  off  list       ...  

118 

By    90  Associates,  paid @  £1  5s.       112  10  0  

By      8         ,.  unpaid  ...  @  £1  5s.  ......  10     0     0 

By    10         ,,  .struck  off  list  @  £1  5s 

By      1         ,.  dead  ...  @  £1  5s 

109 

By    53  Students,  paid      ...  ...  @  £1  5s.         66     5  0  

By      6         .,  unpaid  ...  @  £1  os 7  10     0 

By      2         „  struck  off  list  (&^  £1  5s 

By      1         ,,         dead     (wElhs 

62 

By    23  Subscribing  Firms  96  12  0  

By    69  New  Members,  paid        ...  @  £2  2s.     144  18  0  

By    15  New  Members,  not  yet  elected, 

paid @£2  2s.       3110  0  

By      3  Xew  Members,  paid   Life  Composition...       72     0  0  

By      1  New  Member,  not  yet  elected,  paid  Life 

Com]josition     ...  ...  ...  ...       24     0  0  

By    21  New  .\ssociate  Members,  paid  -^  £2  2s.         44     2  0  

By      6  New  Associates,  paid     ...  @  £1  5s.  7  10  0  

By      1  New  Associate,  paid  on  account  ...  110  040 

By     10  New  Students,  paid       ...  @  £1  5s.         12  10  0  

By      1  New  Student,  paid  Life  Composition       ...     31     0  0  

2,244     2  0 

By  Arrears  £154     7     0  

^<^r/— Fines  1     7     0  

155  14  0 

2,399  16  0 

By  Subscriptions  paid  in  advance         ...  ...         74     2  0  

2,473  18  0       347     8     0 


STRUCK    OFF 
LIST. 

£       s.   d. 


286  10     0 
60  18     0 


69     6     0 
18  18     0 


23     2     0 


12  10     0 
15     0 


2  10     0 
15     0 


128  16     0 
292  19     0 


£3,243     1     0 


ACCOUNTS. 
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OFFICERS. 


OFFICERS,     1900-1901. 


PRESIDENT. 
Mr.  J.  G.  WEEKS,  Bedlington,  R.S.O.,  Northumberland. 

VICE-PEESIDENTS. 

Mr.  T.  W.  BENSON,  24,  Grey  Street,  Newcastle-upon-Tyne. 
Mr.  THOMAS  FORSTER  BROWN,  Guildhall  Chambers.  Cardiff. 
Mr.  J.  L.  HEDLEY,  H.M.  Inspector  of  Mines,  2,  Devonshire  Terrace    New- 
castle-upon-Tyne 
Mr.  J.  H.  MERIVALE,  Togston  Hall,  Acklington,  Northumberland. 
Mr.  M.  W.  PARRINGTON,  Wearmouth  Colliery,  Sunderland. 
Mr.  W.  0.  WOOD,  South  Hetton,  Sunderland. 

COUNCIL. 

Mr.  R.  S.  ANDERSON,  Benwell  View,  Bentinck  Road.  Newcastle-upon-Tvne 
Mr.  HENRY  AYTON,  122,  Rve  Hill.  Newcastle-upon-T^-He. 
Mr.  R.  DONALD  BAIN.  H.M.'  Inspector  of  Mines.  Springwell  Hall,  Dm-ham. 
Mr.  GEORGE  FRED.  BELL,  H.]\l.  Inspector  of  Mines,  20.  Wentworth  Place, 

Newcastle-upon-Tyne. 
Mr.  W.  C.  BLACKETT,  Acorn  Close,  Sacriston,  Durham. 
Mr.  H.  F.  BULMAN.Barcus  Close,  Burnop'ield,  RS.O.,  Co.  Durham. 
Mr.  M.  H.  DOUGLAS,  Usworth  Colliery,  Washington.  R.S.O..C0.  Durham 
Mr.  THOMAS  E.  FORSTER,  3.  Eldon  Square,  Neucastle-upon-Tyne 
Mr.  THOMAS  E.  JOBLING,  Bebside,  Northumberland. 
Mr.  A.  C.  KAYLL,  (losforth,  Newcastle-upon-Tyne. 
Mr.  PHILIP  KIRK  UP,  Leafield  House,  near  Chester-le-Street. 
Mr.  H.  LAWRENCE,  7  and  8,  Post  Office  Chamber?,  Newcastle-upon-Tyne. 
Mr.  C.  C.  LEACH,  Seghill  Colliery,  Nortliumberland. 
Prof.  HENRY  LOUIS.  9,  Summerhill  Terrace,  Newcastle-upon-Tj-ne. 
Mr.  R.  A.  S.  REDMAYNE,  Seaton  Delaval  Colliery.  Newcastle-upon-Tyne. 
Mr.  T.  0.  ROBSON.  Chowdene  Cottage,  Low  Fell,  Gateshead-ui)on-Tyne. 
Mr.  F.  R.  SIMPSON.  Hedgefield  House,  Blaydon-upon-Tyne. 
Mr.  J.  SIMPSON.  Heworth  Colliery,  Felling.  R.S.O.,  Co.  Durham. 


/Lord  ARMSTRONG,  C.B.,  LL.D.,  D.C.L  ,  F.R.S.,  Cragside,  Rothbury.  \ 
Sir  LINDSAY  WOOD,  Bart..  The  Hermitage,  Chester-le-Street. 
Mr.  G.  B.  FORSTER,  3.  Eldon  Square,  Newcastle-upon-Tyne. 
Mr.  JOHN  DAGLISH,  Rothley  Lake,  Cambo.  R.S.O..  Northumberland 
Sir  LOWTdlAN  BELL,  Bart..  D.C.L.,  F.R.S.,  Rounton  Grange,  North- 
,,    .  allerton. 

^s^  Mr.  W.  COCHRANE,  St.  .John's  Chambers,  Grainger  Street  West,  New- 
castle-upon-Tyne. 
Mr.  J.  B.  SIMPSON,  Bradley  Hall.  Wylam-upon-Tyne. 
Mr.  A.  L.  STEAVENSON.  Durham. 
:\Ir.  T.  DOUGLAS.  The  Garth.  Darlington. 
^  Mr,  GEORGE  MAY,  The  Harton  Collieries,  South  Shields. 
^Mr.  WILLIAM  ARMSTRONG.  Wingate,  Co.  Durham. 

TREASURER. 

Mr.  REGINALD  GUTHRIE,  NeyiUe  Hall,  Newcastle-upon-Tyne. 

SECRETARY. 
Mr.  M.  WALTON  BROWN.  Neville  Hall,  Newcastle-upon-Tynfi, 


1:2 


XVI 


LIST    OF   MEMBERS. 


LIST     OF     MEMBERS, 

AUGUST  4,  1900. 

PATRONS. 
His  Grace  the  DUKE  OF  NORTHUMBERLAND. 
The  Most  Noble  the  MARQUIS  OF  LONDONDERRY. 
The  Right  Honourable  the  EARL  OF  LONSDALE. 
The  Right  Honourable  the  EARL  OF  DURHAM. 
The  Right  Plonourable  the  EARL  GREY. 
The  Right  Honourable  the  EARL  OF  RAVENSWORTH. 
The  Right  Honourable  the  EARL  OF  WHARNGLIFFE. 
The  Right  Reverend  the  LORD  BISHOP  OF  DURHAM. 
The  Very  Reverend  the  DEAN  AND  CHAPTER  OF  DURHAM. 
WENTWORTH  B.  BEAUMONT,  Esq. 
BARON  BARNARD. 


HONORARY  MEMBERS. 

*  Honorary  Members  during  term  of  office  only. 

1  The  Right  Honourable  the  EARL  of  RAVENSWORTH,  Ravens- 

wortli  Castle,  Gateshead-upon-Tyne 
2*J.  B.  ATKINSON,   H.M.    Inspector  of   Mines,    10,  Foremount 

Terrace,  Glasgow     ... 
3*\V.     N.    ATKINSON,    H.M.     Inspector     of    Mines,    Barlaston, 

Stoke-upon-Trent     ... 
4*R.  DONALD  BAIN,  H.M.  Inspector  of  Mines,  Springwell  Hall, 

Durham 
5*W.  BEATTIE-SCOTT,  H.M.  Inspector  of  Mines,  Park  Avenue, 

Handsworth,  near  Birmingham   ... 
6*Pkof.    p.    PHILLIPS    BEDSON,    Durham    College   of   Science, 

Newcastle-upon-Tyne 

7  THOMAS  BELL,  15,  The  Valley,  Scarborough     

8*Prof.  G.  S.  BRADY,  Durham  College  of  Science,  Newcastle- 
upon-Tyne.        Trannactimis,    etc.,   sent   to   Mowbray   Villa, 

Sunderland    ... 
9  Dk.  BRASSERT.  Bonn-on-the-Rhine,  Germany     ... 
10  JOSEPH    DICKINSON,   South  Bank,  Sandy  Lane,   Pendleton, 

Manchester    ... 
11*C.  LE  NEVE  FOSTER,  H.M.  Inspector  of  Mines,  Llandudno  ... 

12  Pkof.    WILLIAM  GARNETT,   116,  St.  Martin's  Lane,  London, 

W.C 

13  Sir  ARCHIBALD  GEIKIE,  Director-General  of  the  Geological 

Survey  of  the  United  Kingdom,  28,  Jermyn  Street,  London, 
S.W 

14*.I0HN  GERRARD,  H.M.  Inspector  of  Mines,  Worsley, 
Manchester    ... 

1.5  GEORGE  CLEMENTSON  GREENWELL,  Duffleld,  Derby     ... 

16*Rkv.  H.  PALIN(4URNEY,  Principal,  DurJiaiu  College  of  Science, 
Roseworth,  Gosforth,  Newcastle-upon-Tyne    

17*HENRY  HALL,  H.M.  Inspector  of  Mines,  Rainhill,  Lan- 
cashire 

18*J.  L.  HEDLEY,  H..M.  Inspector  of  Mines,  2,  Devonsliire 
Terrace,  Newcastle-upon-Tyne     ... 

19* Prof.  A.   S.   HERSCHEL,  Obscrvatoiy  Hou.se,  Slough,  Bucks  .. 

20*Pkof.  G.  A.  LEBOUR,  Durliam  College  of  Science,  Newcastle- 
upon-Tyne.  Truic-iactiouN,  etc.,  sent  to  Radcliffe  House, 
Corl>ridgc-upon-Tyne 

21*Pkof.  HENRY  LOUIS,  Durham  College  of  Science,  Newcastle- 
upon-Tyne.  TrannacJions  sent  to  The  Secretarj-,  Durham 
College  of  Science,  Newcastle-upon-Tyne 


Date  of  Election. 

Nov.  3,  1877 

Aug.  4,  1888 

Aug.  4,  188S 

Dec.  12,  1890 

Dec.  10,  1887 

Feb.  10,  1883 
Dec.  12,  1896 


Nov.  6,  1875 

Dec.  8,  1883 

Dec.  13,  1852 

Aug.  4,  1888 

Nov.  24,  1894 


June  11,  1898 

June  11,  1892 
Oct.  14,  1899 

Jan.  19,  1895 

March  4,  1876 

April  9,  1892 

Aug.  3,  1872 

Nov.  1.  1879 
.  Dec.   12,  1896 


Feb. 

12, 

1898 

Aug. 

4, 

1888 

Aug. 
Aug. 

4, 
4, 

1888 
1888 

Nov. 
Sept. 

7, 

1892 

1878 

LIST    OF    MEMBERS.  Xvii 

■22*J.    S.    MARTIN,    H.M.    Inspector   of  Mines,  The  Vikings,  16, 

Durdham  Park,  Bristol      ...         ...         ...         ...         ...  Aug      4,  1888 

23  Sir  CHARLES  MARK  PALMER,  Bart.,  Grinkle  Park,  Loftus, 
R.S.O.,  Yorkshii-e.  Transact ion-'i  sent  to  The  Mechanics' 
Institute,  Jarrow-uponTyne 

24* JOSEPH  T.  ROBSON,  H.M.  Inspector  of  Mines,  Ravensworth,' 
Eaton  Grove,  Swansea   .... 

25*J.  M.  RONALDSON,  H.M.  Inspector  of  Mines,  44,  Athole 
Gardens,  Glasgow    ... 

26*A.  H.  STOKES,  H.M.  Inspector  of  Mines,  Greenhill,  Derby       ... 

27*Prof.  H.  STROUl),  Durham  College  of  Science,  Newcastle-upon- 
Tyne  

28  M.  E.  VUILLEMIN.  Mines  d'Aniche,  Nord,  France 

29*FRANK   N.    ^VARDELL,    H.M    Inspector   of   Mines,    Wath- 

upon-Dearne,  near  Rotherham     ...  ...         ...         ...  .    Feb.      4    1865 

30*Prof.  ROBERT  LUNAN  WEIGHTON,  Durham  College  of 
Science,  Newcastle-upon-Tyne.  Tran--iuctio)if<,  etc.,  sent  to 
21,  North  Terrace,  Newcastle-upon-Tyne  ...         ...         ...  April    2,1898 

MEMBERS. 

Marked  *  have  paid  life  composition.  Date  of  Election 

and  of  Transfer. 

1  Abraham,  David,  Peucoedcae,  Merthyr  Tydvil        June    8,1895 

2  Aburrow,  Charles,  P.O.  Box  534,  Johannesburg,  Transvaal  Feb.    i3|,  1892 

3  AcKRoYD,    William,    The    Wheatleys,    Birkenshaw,    near 

Leeds Feb.     7.  1880 

4  Adams,  Henry  Hoppkr,  Waihi,  New  Zealand  ...         ...  April  10,  1897 

5  Adamson,  Thomas,  Kurhurbaree  Collierj',  Giridih,  Bengal, 

India Feb.    10,  1894 

6  Agassiz,   Alexander,    Museum   of   Comparative   Zoolog}^, 

Cambridge,  Massachussets,  U.S.A.  *        ...  ..  Feb.      9,  1895 

7  AiNSWORTH,  J.   W.,  Bridgewater  Trustees  Colliery,  Walk- 

den,  Bolton,  Lancashire       ...         ...         ...         ...         ...  Dec.  14,  1895 

8  Aitkin,  Henry,  Falkirk,  N.B March  2, 1865 

9  Akerman,    Ernest,    Minas    de    Cala,    por    Santa    Olalla, 

Huelva,  Spain  Au^'.     5,  1899 

10  Alexander,   William   Edward  Cayley,  Thermo-Hyper- 

phoric  Ore  Treating  Syndicate,  Limited,   168  and  169, 
Dashwood  House,  New  Broad  Street,  London,  E.G. 

11  Allan,  John  F  ,  Apartado  de  Correo,  No.  Ill,  Mexico,  D.F.  A.M.  Feb. 

12  Allan,  T.   Alexander,  c/o  Gibbs,  Bright  and  Company, 

Melbourne,  Australia 

13  Ajjxhurch,  Enrique,  Calle  Las  Heras,  273,  Buenos  Aires, 

Argentine  Republic  .. . 

14  Allison,    J.    J.    C. ,    Woodland    Collieries,    Butterknowle, 

E.S.O.,  Co.  Durham  

15  Ander.son,  C.  W\,  Gleadon  Park,  Sunderland 

16  Anderson,  R.  Hay,  Apartado  Postal,  866,  Mexico,  D.F.  ... 

17  Anderson,    R.   S.,   Ben  well  View,   Bentinck   Road,   New- 

castle-upon-Tyne (J/ewZ-^er  o/'Co«?iC27) 

18  Angus,   James,  Ochiltree  House,  Ochiltree,  Aj'rshire,  N.B. 
19*Angwin,    B.  ,    c/o   Holman   Brothers,  Broad  Street  House, 

London,  E.G. 

20  Appleby,    Harry  Walton,    Trafalgar    Works,   Bradford, 

Yorkshire         ,..■ 

21  Appleby,  W.  R.,  Minnesota  School  of  Mines,  The  University 

of  Minnesota,  Minneapolis,  ^linnesota,  U.S.A. 

22  Archer,    Oakeley,    156,    Hereford    Street,    Christchurch, 

New  Zealand  ... 

23  Archer,   T.,  11,  Regent  Terrace,  Gateshead -upon-Tyne     ... 

24  Archer,  William,  Victoria  Garesfield,   Lintz  Green,   Co. 

Durham 

25  Arrall,  Philip,  P.O.  Box  843,  Denver,  Colorado,   U.S.A. 


Oct. 

9,  1897 

A.M 

Feb. 

IC,  1883 

M 

June 

8,  1889 

Feb. 

11,  1893 

Jun€ 

8,  1895 

A.M 

Feb 

13,  1886 

M 

June 

8,  1889 

Aug. 

21,  1852 

Aug. 

4,  1894 

S 

June 

9,  1883 

A.M. 

Aug. 

4,  1888 

M. 

Aug. 

3,  1889 

Oct. 

8,  1892 

Nov. 

24,  1894 

Oct. 

8,  1898 

April 

14  1894 

June 

13,  1896 

July 

2,  1872 

A. 

Aug. 

6,  1892 

M. 

Aug. 

3,  1895 

June 

21,  1S94 

Xviii  LIST    OF   MEMBERS. 

Date  of  Election 
and  of  Transfer. 

26  Armstroxo,  Lord,  C.B.,  LT..1>.,  D.C.L..  F.R.S.,  Ciagside, 

Rothlmry  {V.xst-PRKSiUK^T,  Member  of  Gou7icil)  ...  May     3,1866 

27  Armstrono,  Henry,  Chester-le-Street  A.M.  April  14,  1883 

M.  June    8,  1889 

28  AKMSTKONt:,    Wir.LTAM,     Wingate,     Co.     Durham     (Past-       S.  April    7,  lS(i7 

Pkksident,   .Uemh,')- of  Coiinci/) M.Aug      6,1870 

29  AsucKoi'-T,    Edgar    Arthur,    13,   Victoria  Street,   West- 

minster, London,  S.W.         ...         Aug.  3,  1895 

30  AsHMOKK.    G.    Percy,    c'o   G.    Harris   Ganteaume,   Agent, 

Caratal     (New)     Mines,     Limited,     Cuidad  Bolivar, 

Venezuela,  South  America,  ria  Trinidad  ...           ..              Feb.    13,  1897 

31  AsHWcmTH,  John.  8,  King  Street,  Mancliester  ...         ...             April  25,  1896 

32  Athekton,  Jame.s,  I'.i,  Mawdsley  Street,  Bolton  ...         ...             Aug.     1,  1896 

33  Athertox,  Thoma.s  William  Turner  A.M.  June  11,  18!)8 

M.  Dec.  10,  1898 

34  Atkinson,  Claude  W.,  Glendale,  Woodland  Place,  Penarth, 

South  Wales Aug.     6,1892 

35  Atkinson,  L.   B.  ,    10,   Westbourne  Road,  Penarth,   South 

Wales Aug.     6,  1892 

36  Atkinson,  R.  H.  M.  Buddle,  Riding  Mill-upon-Tyne       ...  April  10,  1897 

37  Aubrey,  R.  C,  Teviotdale,  Churchtown,  Southport  ...  Feb.     5,  1870 

38  Austin,  W.  Lawrence,  P.O.  Box  941,  Denver,  Colorado, 

U.S.A June  21,  1894 

39  Ayton,  Ernest  F.  ,  El  Bote  Alining  Negociacion,  Zacatecas, 

Republic  of  Mexico  ...         ...         ...         ...         ...  Aug.     1,  1891 

40  Ayton,  Henry,  122,  Rye  Hill,  Newcastle-upon-Tyne  (ilfem/^er       S.  March  6,  1875 

ofCouncil)        A.M.Aug.    2,1884 

M.  June    S,  1889 

41  Bailes,  H  T.,  Wingate,  Ferryhill        A.M.June     7,1879 

M.  June    8,  1889 

42  Bailes,  T. ,  Jesmond  Gardens,  Newcastle-upon-Tyne  ...  Oct.      7,  1858 

43  Bailey,  Archibald  Duncan,  c/o  S.   G.   Bailey  and  Com- 

pan}%  Limited,   Stafford  Mills,  Stroud,  Gloucestershire  Oct.     8,  1898 

44  Bailey.  Edward  Trenholm,  Mining  Engineer,  Sandakan,  A.M.  June  13,  1896 

British  North  Borneo  M.  June  12,  1897 

45  Bain,  Harry  Foster,  Assistant  State  Geologist  of  Iowa, 

Des  Moines,  Iowa,  U.S.A.  ... 

46  Bain,  11.   Donald,  H.M.    Inspector   of   Mines,   Springwell 

Hall,  Durham  [Memler  of  Council) 

47  Bainbridge,  Emerson,  4,  Whitehall  Court,  London,  S.W. 

48  Baldwin,  Ivo  William,  Oakleigh,    Ruardean,  Gloucester- 

shire 

49  Ballard,  Robert,  Menzies,  Western  Australia      

50  Banks,  Thomas,  60,  King  Street,  Manchester.     Tranaadions 

sent  to  17,  Park  Avenue,  Eccles,  near  Manchester 

51  Barber,   George   Marriott,    Soemalata,    Celebes,   Dutch 

East  Indies     ... 

52  Barker,  M.  W.,  110,  Stapleton  Hall  Road,  Stroud  Green, 

London,  N. 

53  Barnard,  Robert,  The  Retreat,  Sitrampore  P.O.,  Bengal, 

India     ... 

54  Barrett,  C.  R.,  Whitehill  Hall,  Chestcr-le-Street 

55*Bartuol()Mew,  C.  ^V.,  Blakesley  Hall,  near  Towcester 

56  Bates,  Sidney,  Mickley  Colliery  Offices,  Stocksfield-upon- 

Tyne     ...         

57  Bates,  Thomas,  The  Grange,  Prudhoe-upon-Tyne   ... 

58  Bates,    Thomas   L.,    Government   Inspector   of   Collieries, 

Hamilton,  Newcastle,  New  South  Wales 

59  Batey,  John,  Newbury  Collieries.  Coleford,  Bath    ... 

60  Baumgartner,    W.   0.,    South   Hetton,  Sunderland 


Dec.  10, 

1898 

s. 

March  1, 

1873 

M. 

Aug.  5, 

1876 

S. 

Dec.  3, 

1863 

M. 

Aug.  1, 

1868 

Feb.  10, 

1900 

April  10, 

1897 

Aug.  4, 

1877 

April  28, 

1900 

April  8, 

1S93 

Dec.  11, 

1897 

S. 

Nov.  7, 

1874 

A.M. 

Aug.  7, 

1880 

M 

Dec.  11, 

1886 

Dec.  4, 

1875 

A. 

Feb.  8, 

1890 

M. 

June  S, 

1895 

Feb.   9, 

1895 

Feb.  12, 

1898 

Dec.  5, 

1868 

S 

Sept.  6, 

1879 

M 

Aug.  3, 

1889 
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61  Bawden,  James  Babnet,  Pillar  House,  Keswick,  Cumber- 

land         Dec.  11.  1897 

62  Bawden,  William  John,  New  Bultfontein  Diamond  Min- 

ing Companj',  Limited,  Beaconsfield,  South  Africa      ...  Oct.    14,  1899 

63  Bayldox,    Daniel    Henry,    New    Zealand    Mines    Trust, 

Limited,  Mutual  Life  Buildings,  Martin  Place,  Sydney, 

New  South  Wales     Feb.     8,1890 

64  Bell,    Sir    Lowthian,    Bart.,    D.C.L.,    F.R.S.,   Rounton 

Grange,  Northallertou    (Past-President,    Member    of 

Council)  July    6,  1854 

65  Bell,  George  Fred.,  H.M.  Lispector  of  Mines,  20,  Went-        S.  Sept.    6,  1879 

worth  Place,  Newcastle-upon-Tyne  {Member  of  Council)  A. ^l.  Aug.    6,  1887 

M.  Aug.    3,  1SS9 

66  Bell,  Walter,  c'o  Pyman,  Bell  and  Company,  Hull  ...       S.  Oct.      8,  1889 

M.  Feb.  10,  1894 

67  Bennett.   Alfred  H.,   Dean  Lane  Collieries,  Bedminster,  A.M.  April  10,  1886 

Bristol M.  .Tune  8,1889 

68  Bennett,  Henry,  Rio  Tinto  Mines,  Huelva,  Spain Dec.  9,  1899 

69  Benson,  J.  G.,  12,  Grey  Street,  Newcastle-upon-Tyne  ...  Nov.  7,1874 

70  Benson,    T.    W.,    24,    Grey   Street,    Newcastle-upon-Tyne 

(Vice-President,  il/em/*er  o/ CW»c77)     Aug.  2,    1866 

71  Berkley,    C,    Marley   Hill,   Swalwell,   R.S.O.,    Co.    Dur- 

ham        Aug.  21,  1852 

72  Berkley,    Frederick,    Hamsterley    Colliery,    Ebchester,  A.M.  Dec.     9,1882 

R.S  0.,  Co.  Durham iM.  June     8,1889 

73  Berkley,    R.    W.,    Marley   Hill,   Swalwell,    R.S.O.,    Co.        S.  Feb.   14,  1874 

Durham  A.M.  Aug.     7,  1880 

M.  June    8,  1889 

74  Beynon,  J.  C.  S.,  P.O.  Box  1364,  Johannesburg,  Transvaal  June  10,  1893 

75  BiBBY,  William,  Raub  Australian  Gold  Mining  Company, 

Limited,  Raub,  Pahang,  Malay  Peninsula  ...  Jan.    19,  1895 

76  Bigg- Wither,  Harris,  The  Mount,  Gathurst,  near  Wigan, 

Lancashire        ...  ...  ...  Jan.    19,  1895 

77  BiGLAND,  J.,  Henknowle,  Bishop  Auckland   ...         ...         ...  .June    .3,1857 

78  BiNKS,    John     Charles,      Norchard     Colliery,      Lydney, 

Gloucestershii-e April  28,  1900 

79  Bishop,  James,   Grey  Valley  Coal  Company,  Brunnerton, 

Greyniouth,  New  Zealand April  13,  1889 

80  Black,    W.,    Lovaine    House,    Lovaine   Place,    Newcastle- 

upon-Tyne       •.         April   2,  1870 

81  Blackburn,    William    Stevenson,    Aire    Villas,    Astley, 

Woodlesford,  near  Leeds     ...         ...         ...         ...  ...  Dec.    10,  1887 

82  Blackett,  W.  C,  Acorn  Close,  Sacriston,  Durham  (Member       S.  Nov.    4,  1876 

of  Council)      A.M.Aug.     1,1885 

M.  .June    8,  1889 

83  Blakemore,  W.,  Fernie,  British  Columbia ..  Oct.    12,  1895 

84  BoLAM,    Philip,    Seaton   Burn    Colliery,    Ngwcastle-upon-        A.  Dec.  12,  1891 

Tyne     M.Aug.   3,1895 

85  Bolton,  Edgar  Ormerod,  Executor  of  Colonel  Hargreaves, 

Colliery  Offices,  Burnley      April  12,  1890 

86  Bolton,  H.  H.,  Newchurch  Collieries,  near  Manchester     ...  Dec.      5,  1868 

87  Borlase,    W.    H.,    Greenside    Lodge,     Glenridding,    near 

Penrith             Aug.  4,  1894 

8S  Boucher,  A.  S..  Kempsey  House,  near  Worcester Aug.  4,  1883 

89*Bracken,   Thomas  Wilson,  Government  Railway,  Lagos, 

West  Africa Oct.  14,  1899 

90  Bradford,  George,  Newton  House,  Darlington       ...         ...  Oct.  II,  1890 

91  Bramwell,  Hugh,  Great  Western  Colliery,  near  Pontypridd,  S.Oct.  4,1879 

Glamorganshii-e  A.M.  Aug.    6,  1887 

M.  Aug.    3,  1889 

92  Braschi,  Victor  M.,  Bajos  de  Portacoeli,  No.  11,  Apartado  A.M.  Feb.  12,  1S98 

830,  City  of  Mexico,  Mexico  M.Aug.    0,1898 

93  Breakell.    John    E.,    La    Mina    "Estrella"    de    Bolivar, 

Ibaque,  Tolima,  Republic  of  Colombia,  South 
America,  Transactions  sent  t^  Brassington-by- 
W^irksworth,   Derbyshii-e April  25,  1869 
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94  Breakeli.,  Tiio:mas,  Biassington,  near  Derby 

95  BuECKOX,  J.  R.,  32,  Norfolk  Street,  .Suinlerland 

96  Bkeidexbacii,  Theodore,  The  Toronto  and  Western  Mines 

Development  Company,   Sirdar  Mine,  P.O.    Box    151, 
Rat  Portage,  Ontario,  Canada 

97  Bkewkr,  William  Morten,  28,  Broad  Street,  P.O.  Box 

130,  Victoria,  British  Cohimbia     ... 
9S  Britten,  T.  J.,    P.O.    Box    494,  .Tohanneslnirg,  Transvaal 
99  Broad,    Wallace,    P.O.    Box    283,   Bulawayo,    Rhodesia, 

South  Africa 

100  Bkoja,  Geheimer  Bercjrath  Richard,  77,  Kaiser- Wilhelm- 

stra.sse,  Breslan,  Germany  ... 

101  Bro.mly,  a.  H.,  18,  Eldon  Street,  London,  E.C 

102  Broome,    George   Herbert,    The   Westport  Cardiff  Coal 

Company,    Limited,    Seddonville,    via   Westport,  New 
Zealand 
103*Broi:(;h,   Bennett  H.,   Cranleigh  House,  Woodham,  near  A. 
Addlestone,  Surrey 

104  Brougii,  Thomas,  New  Seaham  Colliery,  Sunderland 

A. 

105  Brown,    Archibald   T.,   372,   Flinders   Lane,   Melbourne, 

Australia 

106  Brown,  Douglas  Philip,  Oakley,  Carysfort  Road,  Boscombe 

107  Brown,  M.  Walton,  10,  Lambton  Road,  Newcastle-upon- 

Tyne  (Secretary,  i)/e»i6e/- o/CojmciY)    ... 

108  Brown,    Thomas  Forstkk,    fruildhall    Chambers,    Cardiff 

(Vice-President,  il/e??i/<frr  o/Counci7)      

109  Brown,    Westgarth    Forster,   Fairview,    Dynas    Powis, 

near  Cardiff 

110  Browning,  John  Samuel,  Nelson,  New  Zealand     

111  Bruce,  .John,  Port Mulgrave,  Hinderwell,  R.S.O.,  Yorkshire 


Date  of  Election 
and  of  Transfer. 
Feb.  11,  1893 
Sept.    3,  1864 


Dec.    10,  1898 

April   2,  1898 
June  21,  1894 

April  28,  1900 

Nov.     6,  1880 
Nov.  24,  1894 


S. 
M. 


S. 
M. 

S. 
.M. 
M. 


112  Bryham,  W.,  Douglas  Bank  Collieries,  Wigan         

113  Buckle,  Christopher  Ernest,  c/o  T.  T.  Leonard,  4,  ( Jordon 

Avenue,  Bangalore,  Mysore  Province,  South  India 

114  Buglass,  J.,   Stobswood,   via  Acklington,  Northumberland 

115  Bulkley,  F.  Groendycke,  Denver,  Colorado,  U.S.A. 

116  Bulman,  E.  H.,  The  Geduld  Proprietary  Mines,  Ltd.,  Mine 

Office,  P.O.   Box  41,  Springs,  South  African  Republic 

117  Bulman,   H.    F.,    Barcus  Close,  Burnoptield,   R.S.O.,   Co. 

Durham  ( Member  of  Council)         ...  A, 

118  BuNKELL,  Henry  B.,  P.O.  Box  1463,  Johannesburg,  Transvaal 

119  BuNNiNG,  C.  Z.,  c/o  Borax  Consolidated,  Limited,  Constanti- 

nople, Turkey  ...         ...         ...         ...         ...         ...  A. 

120*BuRLS,  Herbert  T.,  c/o  H.  S.  King  &  Company,  65,  Corn- 
hill,  London,  E.C 

121*BuRN,  Frank  H.,  Carlton  House,  Newcastle-upon- 
Tyne     

122  Burnett,  Cuthbert,  Grange  Iron  Works,  Durham 
123*I>urns,  David,  Vallum  View,  liurgh  R'lail,  C;irlisle 
124  Burrows,  J.  S.,  Green  Hall,  Atherton,   near  Manchester  ... 

12.")  Butt,  Thomas  Philip  Edward,  P.O.  Box  538,  Johannes- 
burg,'I  ransvaal 

126  Butters,  Charles,  20,  Bishopsgate  Street  Within,  London, 

E.C 

127  Cameron,  Ian,  The  Tharsis  Sulphur  and  Copper  Comi)anj', 

Limited    133,  West  George  Stre  it,  Glasgow 


A. 
M. 


S. 
A. 
M. 


Oct.  9,  1897 
Dec.  10,  18S7 
June  8,  1889 
Feb.  1,  1873 
Aug.  2,  1879 
June  8,  1889 

Aug.  5,  1893 
June  11,  1898 
Oct.  7,  1871 
Aug.  3,  1878 

Aug.  1,  1861 

Aug.  6,  1887 

Aug.  5,  1893 

April  2,  1898 

.  Feb.  14,  1874 

Aug.  7,  1880 

June  S,  1889 

Aug.  3,  1865 

Feb.  10,  1900 
Dec.  10,  1892 
Aug.  3,  1895 
Oct,  12,  1895 

Feb.  13,  1892 

May  2,  1874 

Aug.  6,  1881 

June  8,  1889 
April  8,  1893 

Dec.  6,  1873 

Aug.  5,  1882 

,  Oct.  8,  1887 

Feb.  9,  1889 

Feb.  9,  1889 

Aug.  4,  1894 

Aug.  3,  1895 

June  8,  1895 

May  5,  1S77 

Oct.  11,  1873 

Aug.  4,  1877 

Dec.  11,  1897 

Feb.  10,  1894 


Aug.  4,  1894 
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12S  Campbell,  H.  H. ,  Sutton  Hall,  St.  Helen'.s,  Lancasiiiie     ...  Jan.    H),  1 895 

129  CAMPBELL,  The  Rev.  Jo.seph,  Te  Aroha,  New  Zealand     ...  A.M.  Dec.    12,  1896 

M.  Feb.  13,  1897 

130  Campbell-Johnston,  R.  C,  Nelson,  British  Columbia        .  Nov    24,  1894 
131*Candleb,  T.  E..  East  Lodge,  Crook,  Co.  Durham     S.May     1    1875 

A.M.  Aug.    4,  1883 
-M.  June     8,  1889 

132  Carnes,    Charles    Spearman,   Cornwall    House,    Murton 

Colliery,  Sunderland  Aug.     1,1691 

133  Carr,  T.,  Lilywliite  Terrace,  Four  Lane  Ends,  Hetton-le- 

Hole,  R.S-.O.,  Co.  Durham Feb.    10,1894 

134  Chalmers,  J.  A.,  c/o  J.  S.  Sheldrick,  96,  Gresham  House, 

Old  Broad  Street,  London,  E.C Dec.      9,1893 

135  Chambers,  J.  S.,  Little  Italianskaja,  No.  5,  St.  Petersburg, 

Russia Oct.  10,  1896 

1.36  Chandley,  Charles,  P.O.  Box  221,  Coolgardie,  Western        S.  Nov.  6,  1880 

Australia          A.  Aug.  3,  1889 

M.  Dec.  12,  1896 

137  Channing,    J.    Parke,   34,   Park  Place,   New  York   City, 

U.S.A April25,  1896 

138  Ch.vrleton,  a.  C,  5,  Avonmore  Road,  Kensington,  London, 

W Aug.     6,  1S92 

139  Charlton,  William,  Guisbrough,  Yorkshire           Feb.    12,  1898 

140  Charlton,  William,  Linares,  Provincia  de  Jaen,  Spain    ...  April    8,  1S93 

141  Charlton,  William  John,  Ashington  Colliery,  Morpeth, 

Northumberland         April  25,  1896 

142  Cheesman,  E.  Taylor,  Claravale  Collierj^  Ryton-upon-Tyne       A.  Aug.    2,  1890 

M.  Aug.     6.  1892 

143  Cheesman,  Herbert,  Hartlepool  Aug.    6.1892 

144  Cheesman,  I.  T.,  Throckley  Colliery,  Newcastle-upon-Tyne  Feb.      I,  1873 

145  Childe,  Henry  S.,  59,  Westgate,  Wakefield  A.M.  Feb    12,  18S7 

M.  Aug.    3,  1889 

146  Claghorn,    Clarence   R.,  Vintondale,    Cambria   County, 

Pennsylvania,  U.S  A.  Aug.     5,1899 

147  Cl.\rk,    Henry,    Cowper  House,    Norton,    Stockton-upon- 

Tees      April   8,  18S9 

148  Clark,   Robert,    Hyderabad   Deccan   Company,    Limited, 

Secunderabad,  India...         ...         ...         ...  ...         ...  Feb.    15,  1896 

149  Clark.  R.  B..  Springwell  Colliery,  Gateshead-upon-Tyne  ...        S.  May     3,  1873 

M.  Aug.    4,  1877 

150  Clark,  William,  Cranbury  Lodge,  Park  Lane,  Wigan     ...  Dec.  10,  1898 

151  Claudet,  Arthur  C,  6  and  7,  Coleman  Street,  London, 

E.C Aug.     3,  1895 

152  Clifford,  William,  232,  Fifth  Avenue,  Pittsburg,  Penn- 

sylvania, U.S.A Feb.      9,  1895 

153  Clough.  James.  Bomarsund  House,  Bomarsund,  Bedlington,        S.  April  5,  1873 

R.S.O.,  Northumberland     A.M.Aug.  3,1878 

M.  June  8,  1889 

154  Cochrane.  B.,  Aldin  Grange,  Durham  Dec.  6,  1866 

155  Cochrane,    W.,    St.    John's    Chambers,    Grainger     Street 

West.  Newcastle-upon-Tyne  (Past-President,  Member 

ofCowicif)       Aug.     1,  1861 

156  Coghl-a:n%  F.  M.,  Catorce,  S.L. P.,  Mexico     Dec.     9,1893 

157  Collins.  Arthur  Launcelot.  14and  15. Broad  Street  Avenue. 

London,  E.C ... Feb.    13,  1892 

158*CoLLiNS,  Horatio,  Paarl  Central  Gold  Mining  and  Explora- 
tion Company,  Limited,  P.O.    Box  245,  Johannesburg, 

Transvaal  Aug.    4,  1894 

159*C0LLiNS,  H.  B.,  121,  West  George  Street,  Glasgow April  14,  1894 

160  Collins,   William  Francis,   P.O.   Box   170,   Coolgardie, 

Western  Australia    ...         ...         ...         ...         ...         ...  April  10, 1897 

161  Colquhoun,    a.   J  ,  School  of  Mines,  Vancouver,   British  A.M.  July  14,  1896 

Columbia  M.  Dec."  10,  1898 

162  Colquhoun,   T.    Grant,    Beal    Bank    House,    Acklington, 

Northumberland        Doc.  *14,  1889 
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163  Com  MANS,  R.  E.,  G,  Queen  Street  I*lace,  Lomloii,  E.G. 

UU  CoMSTOCK,  Theo.  B.,  Prescott  Development  Syndicate, 
Limited,  535,  Stimson  Block,  Los  Angeles,  California, 
U.8.A 

165  Cook.  J..  Wasliiugton  Iron  Works,  Washington,  Co.  Durham 

166  Cook,  Joseph,  Jan.,  Washington  Iron  Works,  Washington, 

Co.  Durham     ... 

167  Cot)K,  James  Falshaw,  Washington  Iron  Works,  Washing- 

ton, R.S.O.,  Co.  Durham     

1(!S  Cook,  J.  Watson,  Binchester  Hall,  Bishop  Auckland 

l(ii)  Cooke,  Gervase,  No.  1,  Tiie  Bund,  Shanghai,  China         .  . 

ITU  Cooke,    Henry   Moore    Annesley,    The   Ooregum    Gold 

Mining  Company  of  India,  Limited,  Oorgaum,  Province 

of  Mysore,  India 

171   CoKBETT.  V.  W..  Chilton  Moor,  Fence  Houses         

1 7-2  CORBOULD,  W.  H. ,  P.O.  Box  796,  Rossland,  British  Columbia, 

ria  New  York 

173  CoRLETT,  George  Stephen,  Wigan 

174  CoULSON.  F.,  10,  Victoria  Terrace,  Durham 

175  Coi'LTHARP.  Francis,   Brighton   Villa,  Hensingham    Road, 

Whitehaven    ... 

176  CoULTiiARD,  John,  Brunnerton,  Greymouth,  New  Zealand 

177  CowpER-CoLES,    Sherard    Osborn,  "  Grosvenor    Mansions, 

Victoria  Street,  Westminster,  London,  S.W 

178  Cox.  John  H..  10,  St.  George's  Square,  Sunderland 

179  Crankshaw,  Joseph,  Montcliffe,  Horwich,  near  Bolton     ... 

181)  Craven.  Hiram.  J un.,  Sunderland       

181  Craze,  James  Mayne,  Coolgardie,  Western  Australia 

ISi  Crighton,  John,    Bramhall   House,    Hazel  Grove,    Stock- 
port 

183  Crone,  Charles  Herbert.  Killingworth,  near  Newcastle- 

upon-Tyne 

184  Crone,  J.  R.,  Tudhoe  House,  via  Spennymoor 

185  Crookstox,  Andrew  White,  188,  St.  Vincent  Street,  Glas- 

gow       

186  Cross,  John,  77,  King  Street,  Manchester     

187  Croudace,   C.   J.,  Pendre  House,   HolyTvell,  North    Wales 

188  Croudace,  Thomas,  Lambton  Lodge,  Lambton,  Newcastle, 

New  South  Wales     ... 

189  CuRRiE,    Walter,    P.O.    Box   220,    Bulawayo,    Rhodesia, 

South  Africa   ... 

190  Curry,  Michael,  Cornsay  Colliery,  Durham  

191  CuTTEN,  William  Henry,  Dunedin,  New  Zealand 

192  Daglish,  John,   Rothley  Lake,  Cambo,  R.S.O.,  Northum- 

berland (Past-President.  Member  of  Counril)  ... 

193  Daglish,   William  Charltok,    Littleburn   Colliery,    near 

Durham 

194  Dakers,  W'.  R.,  The  Loggins,  Tudhoe  Colliery,  via  Spenny-  i 

moor,  Durham 

195  D.vle.  Sir  David,  Bart. ,  West  Lodge,  Darlington     

1 96  Dan,  Takuma,  c/o  Mitsui  Mining  Company,  No.  9,  V  amashiro- 

cho,  Tokio;  Japan 

197  Daniel,  Peter  Francis,  Greymouth,  New  Zealand 

198  Darby,  J.  H.,  Pen  y  Garth,  Bryinbo,  Denbighshire 

199  Darling.  Fenwick.  South  Durham  Colliery,  Darlington     ... 

200  Darlin-gton,  James,  Black   Park  Colliery,  Ruabon,  North 

Wales  ... 

201  Davey,     GEORfiE,     W^aitekauri     Gold     Mining    Company, 

Waitekauri,  Auckland,  New  Zealand      ...         

202  Davey,  Henry,  3,  Princes  Street,  Westminster, London, S.W. 

203  Davies,  David,  Cowcll  House,  Llanelly,  South  Wales 

204  Davies,  Thomas  George,  Barrytown,  New  Zealand 


Date  of  Election 
ami  of  Transfer. 
Nov.   24,  1894 


Feb.  13,  1897 
May  8,  1869 

Oct.  9,  1897 

Feb.  12,  1S9S 
Oct.  14,  1893 
June  11,  1898 


Dec.  12,  1896 
Sept.  3,  1870 

June  8,  1895 

Dec.  12,  1891 

S.  Aug.  1,  1868 

M.  Aug.  2,  1873 

June  8,  1889 
April  8,  1899 

Dec.  9,  1899 
Feb  6,  1875 
Aug.  5,  1899 
April  12,  1890 
Aug.  7,  1897 

June  11,  1898 

Oct.  14,  1899 
Feb.  1,  1868 

Dec.  14,  1895 
June  5,  1869 
Nov.  2,  187^- 

Nov.  6,  1862 

April  25,  1896 
Aug.  6,  1898 
Aug.  5,  1899 


Aug.  21,  1855 


Dec. 

12, 

1896 

M 

Oct. 

14, 

1882 

M 

Aug. 

3, 

1889 

Feb. 

5, 

1870 

Apiil 

14, 

1894 

April 

8, 

1893 

Feb. 

9, 

1895 

Nov. 

6, 

1875 

S 

Nov. 

7. 

1874 

M 

Aug. 

4, 

1877 

June 

10, 

1893 

Oct. 

'1, 

1873 

Dec. 

9, 

1899 

Aug. 

5, 

1899 
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205  Davis,  Kennkth,  Dudley  Colliery,  Northumberlaiul 

206  Davison,  J.  Foki>,  Thorn  Bank,  Haydock,  near  St.  Helen's, 

Lancashire 

207  Daw,  Albert  William,  11,  Queen  Victoria  Street,  London. 

E.C 

208  Daw,    Johx,    Jun.,    Brooklands,    Rosemont   Road,    Acton, 

London,  W.     ... 

209  Dees,  J.  GiBSOX.  Floraville.  Whitehaven 

210  Dees,  R.  R.,  Newcastle-upon-Tyne 

211  Delmas,  Julian  R.,  Success  Villa,  Assensole,  Bengal,  India 

212  Delprat,   G.   D.,   The  Broken  Hill  Proprietary  Company, 

Limited,  Broken  Hill,  New  South  Wales 

213  Denny,  G.  A.,    43,    Mansion    House   Chambers,  Adderley 

Street,  Cape  Town,  South  Africa  ... 

214  Dewhurst,  James  Archibald,  The  Grove,  Walton-le-Dale, 

Preston,  Lancashire  ... 

215  Dewhurst,  John  Hubert,  Grove  House,  Waltou-le-Dale, 

Preston,  Lancashire  ... 

216  Dickinson,  Arthur,  Warham  Road,  .South  Croydon,  Surrey 

217  DiETZscH,  Ferdinand,  13,  Austin  Friars,  London,  E.C.     ... 

218  Dixon,  D.  W..  Lumpsey  ISIines.  Brottou.  Saltburn-ljy-the-Sea 

219  Dixon,  John,   Merewether,  Newcastle,  New  South  Wales 

220  Dixon,    Jonathan,    Westport    Coal    Company,    Limited, 

Granitv,  via  Westport,  New    Zealand     ... 
221*DiX0N,  Jainies  S.,  Fairleigh,  Bothwell,  N.B 

222  Dixon.  R.,  Sankey  Wire  Mills  and  Ropeworks,  Warrington 

223  Dixon,  William,  Cleator,  Cumberland 

224  DoBB,  T.  G.,  Brick  House,  West  Leigh,  near  Manchester 

225  DoBBS,  Joseph,  Jarrow  Colliery,  Castlecomer,  Co.  Kilkemiy 

226  DoDD,  Benjamin,  Bearpark  Colliery,  near  Durham 

227  DoDD.  M.,  Lemington  Hall,  Lemington-upon-Tyne 


228  DoDD,  Thomas  Robert,  Woodford  Grange,  Thrapstun 
229*DoNKiN,    W.,   Witbank    Colliery,    Per   Special   Post    Bag, 
«a  Pretoria,  South  Africa 

230* Douglas,  C.  P.,  Thornbeck  Hill,  Carmel  Road,  Darlington 

231  Douglas,  James,  99,  John  Street,  New  York  City,  U.S.A. 

232  Douglas,  M.  H.,  Usworth  Colliery,  Washington,  R.S.O., 

Co.  Durham  (Member  of  CouncilJ ... 

233  Douglas,    T.,    The    Garth.    Darlington    (Past-President, 

Member  of  Council)   ... 

234  Dowdeswell,  H.,  Grosvenor  Gardens,  Newcastle,  Stafford- 

shire 

235  Doyle,  Patrick,  Indian  Engineering,  7,  Government  Place, 

Calcutta,  India.     Transaction-'i  sent  to  c/o  F.  E.  Robert- 
son, 8,  Gi'eat  George  Street,  Westminster,London,  S.  W. 

236  Draper,  David,  P.O.  Box  3517,  Johannesburg,  Transvaal 

237  Dudley,   Uriah,  c/o  A.  J.  Neale,  31,  New  Broad  Street, 

London,  E.C 

238  DuMAT,  Alfred,  Pietermaritzburg,  iNatal,  South' Africa    ... 

239  Dyson,  T.  Ingleby 

240  Eastlake,  Arthur   W..  Caenwood   House,    Grove   Road, 

Clapham  Park,  London,  S.W. 

241  Ede,  Francis  J.,  Silchar,  Cachar,  India         

242  Ede,  Henry  Edward,  251,  School  Road,  Crookes,  Sheffield 

243  Eden,  C.  H.,  c/o  Vivian  and  Sons.  Swansea  ... 

244  Edge,  J.  H.,  Coalport  Wire  Rope  and  Chain  Works,  Shifnal. 

Salop     ... 

245  Edgecombe,  Alfred  S.  ,  Rossland,  British  Columbia 

246  Edwards,  Edward,  Maindy  Pit,  Ocean  Coal  Company,  Ton 

Pentre,  South  Wales 


Date  of  Election 

and  of  Transfer. 

April  13, 

1889 

Oct. 

13, 

1894 

June 

12, 

1897 

Dec 

14, 

1895 

Oct. 

13, 

1883 

Oct. 

7. 

1871 

Oct. 

14, 

1899 

Feb. 

10, 

1894 

Dec. 

S, 

1894 

Dec. 

9, 

1899 

April 

2 

189S 

April  14, 

1894 

Aug. 

5, 

1899 

Nov. 

2, 

1872 

Feb. 

12, 

1898 

Oct. 

13, 

1894 

Aug. 

3, 

1878 

June 

5, 

1875 

April  10, 

1897 

Dec. 

8, 

1894 

April  14 

1894 

S.  May 

3, 

1866 

M.  Aug. 

1 

1868 

S.  Dec. 

4 

1875 

A.M.  Aug. 

7 

1880 

M.  June 

8, 

1889 

June 

13 

1896 

S.  Sept 

2 

1876 

A.M.  Aug. 

1 

1885 

M.  June 

8 

1889 

Mar 

3h6 

,1869 

Oct. 

14 

1899 

A.M.  Aug. 

2 

1879 

M.  Aug 

3 

1889 

Aug.  21,  1852 

S.  April  5,  1873 

M.  Aug.    7,  1875 

A.M.  March  1,  1879 

M.  Aug.    3,  1889 

Feb.    15,  1896 


April  14, 
April  8, 
Feb.   9, 

1894 
1893 
1895 

June  11. 

1892 

Aug  1, 
July  14, 
June  14, 

1896 
1896 
1890 

A.M.  Sept.  7 
M.  Aug.  3, 

1878 
1889 

Dec.  10, 

1898 

Feb.     9,  1895 


LIST    OF    MEMBERS. 


•217 

■J4S 
•249 
•250 
•251 
•25-2 

'23:i 

•254 

255 

•256 

•257 

■258 

259 

•260 

•261 

262' 

263 

2)4 
265 

266 
267 

268 
269 

270 

•271 

272 

27:v 

•274 
•275 
276 
277 
278 
279 

280 

•281 


EuwAKUS,  Tei.koki>,  Tati,  MatabelelauJ,  South  Africa  ;  and 

1,  Bradenhain  Place,  Penarth,  South  Wales 
EissLEK.  M,  46,  Rue  Vital,  Passy,   Paris 

Eu-is,  W.  K.,  Wigau         

EL\vi;N,  Thomas  Lee,  Brandon  Colliery,  Durham  ... 
Embi.eton,  H.  C.  Central  Bank  Ch  lUibers,  Leeds  ... 
E.MBLETo:,-,  T.  W.,  The  Cedars,  Methley,  Leeds        

Engel,  Konrad  Ernst  Richard,  Linden  AUee,  67,  Essen 

(Ruhr),  Germany  ...  

English,    John,    IJaresfield    Colliery,    High    Spen,    Lintz 

Green,  R.S.O.,  Co.  Durham  

Epton,  W.  Martin',   Tlie  Village  Gold  Mining  Company, 

Limited,  15,  Standard  Bank  Buildings,  Cape  Town     ... 
EsuMAN-GwiRA,  Jou>'  Bix'KMAN,  Cape  Coast  Castle,  West 

Africa   ... 
Etherington,  J.,  39a,  King  William  Street,  London  Bridge, 

Loudon,  E.G.  .. 
Evans,      Lewis,     Castle     Hotel,    Howick,    Natal,    South 

Africa    ... 
EvERARi),  J.  B..  6,  Millstone  Lane,  Leicester 


Date  of  Election 
and  of  Transfer. 

Dec.  12,  1896 
Feb.  15,  1896 
June  1,  1878 
Oct.  13,  1888 
April  14,  1894 
S.  Sept.  2,  1865 
M.  Aug.    1,  1868 

April  28,  1900 

Dec.      9,  1899 

Oct.    12    1895 

April   2,  1898 

Dec.      9,  1893 

Oct.     14,  1893 
March  6,  1869 


Fairley,  Jame.s,  Craghead  and  Holmside  Colliery,  Chester-  A.M. 
le-Street  ...  ...  ...  ...  ...  ...  ...       M. 

Felluws,    Alfred,    The  Bede  Metal  and  Chemical  Com- 
pany, Limited,  Hebburn,  Newcastle-upon-Tyne 

Fenwigk,    Barnabas.  37.  Osborne  Road,  Newcastle-upon- 
Tyne     ... 

Feri;ie,    Charles,    Drummond   Colliery,    Westville,   Nova 
Scotia    ... 

Ferguson,  C. ,  Walbottle  Colliery,  Scotswood-upon-Tyne  ... 

FERcrsoN,  D. ,  c/o  James  Ferguson,  140,  Hyndland  Drive,  A.M. 
Kelvinside,  Glasgow  ...  ...         ...         ...         ...        M. 

Ferguson,  James,  P.O.  Box  •253,  Johannesburg,   Transvaal 

Fernau,    John    James    Constant,    Nenthead   House,   by 
Alston,  Cumberland... 

FiGARi,  Alberto,  Apartado,  405,  Lima,  Peru 

Fisher,    Edward   R.,   Blaiua   Lodge,    Llandebie,    R.S.O.,  A.M. 


Carmarthenshire 
Fletcher,   James,    Whickham   and   Bullock    Island 

Company,  Limited,  Carrington,  New  South  Wales 
Fletcher.  Lancelot,  Brigham  Hill,  Cockermouth  ... 


Coal 


M. 


Fletcher,  Leonard  Ralph,  The  Hindles,  Atherton,  near 

Manchester 
'Fletcher,  W.\lter,  The  Hollins,  Bolton,  Lancashire 

Flint,  John,  Broonihill  Colliery,  Acklington,  Northumber- 
land 

Foote,  Arthur  de  Wint,  North  Star  Mines,  Grass  Valley, 
California,  U.S.A. 

Ford,  Mark,  Bedlington  Colliery,  Bedlington,  R.S.O., 
Northumberland 

Ford,  Stanley  H.,  P.O.  Box  38,  Krugersdorp,  South  African 
Republic 

Forre.st.  J.  C,  Holly  Bank  Colliery,  Essington.  Wolver- 
hampton 

For.ster,  G.  B.,  3,  Eldon  Square,  Newcastle-upon-Tyne. 
TrauHartionti  sent  to  Farnley  Hill,  Corbridge-upon- 
Tyne  (P.\st-President,  J/ft?n?>e>- o/ CoM?<a/)       

FoR-sTER,  John  Henry  Bacon,  Cramlington  Colliery, 
Northumberland        ...         

FuRSTER,  Thomas  E.,  3,  Eldon  Square,  Newcastle-upon-Tyne 
( Mf/nihtr  of  Connril ) 


A.M, 
M 


Aug.  7, 
Aug.    3, 

June  13, 

Aug.     2, 

Dec.  9, 

Feb.  12, 

Dec.  8, 

Aug.  3, 

Dec.  12, 

Dec.  10, 
April  25, 
Aug.  2, 
Aug.     3, 

Dec.  9, 
,  April  14, 
,  June    8, 

Aug.  5, 
Dec.    14, 

Jan.    19, 

Feb.   13, 

Aug.    3, 

June   10, 

April  12, 


S. 
A. 
M. 
S. 
A.M. 
M. 


Feb.  5. 

Nov.  24, 

Aug.  7, 

Feb.  10, 

Oct.  7, 
Aug.    1, 

June  8, 


1880 
1889 

1896 

1866 

1893 

1898 
1883 
1889 
1896 

1898 
1896 
1884 
1889 

1893 

1888 
1889 

1899 
1895 

1895 

1897 

1895 

1893 

1884 


1857 
1894 
1897 
1900 
1876 
1885 
1889 
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and  of  Transfer. 

282  Fowj.ER,    R.,    Washiiigtou   Colliery,    Washington   Station, 

R.S.O.,  Co.  Durluuu Nov.  -24,  1S34 

283  Fbecheville,  William,  North  Breach  Manor,   Ewhui-st 

Surrey Feb.    15.1896 

284  Frossard,  J.  D.,  Orthes,  Basses  Pyrenees,  France  ...         ...  Dec.    14,  1895 

285  Fryar,  John  William,  Job"s  Hill,  Crook,  via  Darlington         A.  June  14,  1890 

M.  June  12,  1897 

286  Fryar,  Mark,  Denby  Colliery,  Derby  S.Oct.      7,1876 

A.M.  Aug.    4,  1883 
M.  June     8,  18S9 

287  Fryar,  William,  Inspector  of  Mines,  Brisbane,  Queens- 

land, Australia  ...         April  10,  1897 

288  GaIjLOWay,  T.  Lindsay,  43,  Mair  Street,  Plantation,  Glasgow  Sept.    2,  1876 

289  Galloway,  William,  Canliff April  23,  J  887 

290  Gallwev.  Arthur  Payne,  c  b  Edward  Chester  and  Com- 

pany, Limited,  120.  Bishopsgate  Street  Within,  London,  S.  Oct.      2,  1S80 

E.C M.  Oct.    10,  1891 

291  Gardiner,  E.  T.,  8,  South  View  Terrace,  Bishop  Auckland  Dec.      8,  1894 

292  Geddes,  George  H.,  21,  Young  Street,  Edinburgh Oct.      ),  1881 

293  Gerrard,  James.  9,  Meek  Buildings,  Wigan...         ...         ...  S.  March  1,  1873 

A.M.  Aiig.     -2,  1879 
M.  June     8,  1889 

294  (iERR.\RD,  John,  H.M.  Inspector  of  Mines,  Worsley,  Man-        S.  March  5,  1870 

Chester...         ...         ...         ...  ...         ...         M.  Aug.     1,  187  + 

295  Gifford,  Henry  J.,  Minas  de  Passagem,  Ouro  Preto,  Brazil  Oct.     14,  1893 

296  Gilchrist.  J.  R.,   Garestield  Colliery.   Liutz  Green.   New-        S.  Feb.     3,  1877 

castle-upon-Tyne       ...         ...         ...         ...         ...         ...  A.M.  Aug.     1,  1885 

M.  June    8,  1889 

297  Gill,  Hugh  Llewellyn,  cb  Bennie,  Teare  and  Company, 

Woodward  Street,  Coolgardie,  Western  Australia        ...  April    8.  1899 

298  GiLLMAN,    F.,    Gartenstrasse,    1,    Freiburg    ini  B,    Baden,  A.M.  Dec.     8,  1894 

Germany  ..  ...         ...         ...         ...       M.  June    8,  1895 

299  GiPPS,  F.  G.  DE  ViSME,  Pirie  Buildings,  Broken  Hill,  New 

South  Wales April25,  1896 

300*Gledhill,  Edward,  Altona,  Parkwood  Road,  Pokesdown, 

Bournemouth...         ...         ...         ...  ...         ...         ...  Dec.      9,  1893 

301  GoERZ,  A.,  Manor  House,  St.  John's  Wood  Park,  London, 

N.W Aprill4,  1894 

302  Goldsworthy,  Arthur,  Linares,  Provincia  de  Jaen,  Spain  Aug.    3,  1895 

303  Goldsworthy,  Christopher,  Almodovar  del  Rio,  Provincia 

de  Cordoba,  Spain     ...         ...         ...         ...  June  12,  1897 

304  Goodwin,  William  Lawton,  School  of  Mining,  Kingston, 

Ontario,  Canada         Feb.    11,1899 

305  GooLDEN,  Walter  T.,  c/o  Easton,  Anderson  and  Goolden, 

Limited,  2,  St.  Nicholas'  Buildings,  Newcastle-upon- 

TjTie     Aug.     6,  1892 

306  Gore,  Henry,  Victorian  Gold  Estates,  Limited,  395,  Collins 

Street,  Melbourne,  Victoria,  Australia    ...         ...         ...  April28,  1900 

307  GouLDiE,    Joseph,    The   Gill,    Bromfield,    Brayton,    S.O., 

Cumberland     ...         ...         ...         ...         ...  Aug.  5,  1893 

308  Grahaji,  Edward,  Jun.,  Bebside,  Northumberland  ...  Aug.  1,  1896 

309  Greaves,  J.  0.,  Westgate,  Wakefield  ...  Aug.  7,  1862 

310  Greener,  George  Alfred,  Netherton  Hall  Colliery,  New- 

castle-upon-Tyne         Feb.    10,  1900 

311  Greener,  Henry,  South  Pontop  Colliery,  Annfield  Plain,  A.M.  Dec.     9,  1SS2 

R.S.O.,  Co.  Dm-ham M.Aug.    3,1889 

312  Greener,  T.  Y.,  West  Lodge,  Crook,  Darlington    ...         ...        S.  July     2,  1S72 

A.M.  Aug.    2,  1879 
M.  June    8,  1889 

313  Greenwell,  G.  C.  Jun.,  Poynton,  near  Stockport...         ...        S.  March  6,  1869 

M.  Aug.    3,  1872 

314  Gregorie,  Charles,  Aberdare,  South  Wales  Oct.      9,  1897 

315  Gregson,  G.  Ernest,  11,  Chapel  Street,  Preston,  Lancashire  A.M.  Dec.     8,  1894 

M.  Feb.     9,  1895 


XSVl 
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316  Gkeslev,  \V.  S.,  Erie,  Pennsylvania,  U.S.A. 

317  Grey,  C.  O.,  Ballycourcy,  Enniscorthy,  Co.  Wexford 

31S  Gkey,    Fredekick     William,   Dashwood   House,  9,  New 
Broad  Street,  Loudon,  E.G. 

319  Griffith,  N.  Maurice,  c  o  The  Broughton  and  Plas  Power 

Coal  Company,  Limited,  near  Wrexham 

320  Griffith,  N.  R  ,  I'lasnewydd,  Ruabou,  Nortli  Wales 

321  Griffith,  William,  Waterloo  House,  Aberystwyth,  South 

Wales 

322  Grimshaw,  E.  J.,  23,  Hardshaw  Street,  St.  Helen's,  Lan- 

cashire 
323*Grundy,  James,  27,  Chowringhee  Road,  Calcutta,  India  ... 
324  Guthrie.  James  K.,  21,  Cleveland  Road,  North  Shields    ... 


Date  of  Election 

ami  of  Transfer. 

A  .^£.  Oct.       5,  1S7S 

M.  Aug.    3,  1SS9 
May     4,  1872 

July  14,  1896 

S.  Nov.  24,  1894 

M.  Feb.  11,  1899 

Aug.    1,  1867 

Dec.     9,  1893 

Sept.  5,  1868 
June  13,  1896 
Aug.     3,  1889 


325  Haddock.    W.    T.,    Sutherland   Reef,   Limited,  Leydsdorp, 

Zoutpansberg.  South  African  Republic     ..  ...         ...  A. 

326*Haeh>'er,  Paul,  Bilbao,  Spain    . 

.327  Maggie,  D.  H.,  Wearmouth  patent  Rope  Works,  Sunderland 

328  Maggie,  Peter  Sinclair,  Gateshead-upon-Tyne      ...         ...  A. 

329*Hague,  Ernest,  Castle  Dyke,  Sheffield  

330  Hair,  Thomas  Chicken,  Bede  House,  Hebburn-upon-Tyne 

331  Halbaum,  Henry  Wallace  Gregory,  12,  Kelvin  Grove, 

Gateshead-upon-Tyne 

332  Halder.   Aleert    H.,    loOO,    Robson    Street,  Vancouver, 

British  Columbia 

333  Hall,  Frederick,  Fernleigli,  Hightield,  Workington 

334  Hall,    Fred.     W.,    Tamworth    Colliery,    Alvecote,    near 

Tarn  worth 

335  Hall,  George  William,  Coolgardie,  Western  Australia  ... 
330  Hall  John  Charles,  Pegswood  Colliery,  near  Morpeth   ... 


Oct.  7, 
Aug.  1, 
June  8, 
April  28, 
March  4, 
April  14, 
Aug.  3. 
March  2, 
Aug.  3, 
Dec.      9, 


1S76 
1885 
1889 
1900 
1876 
1883 
18S9 
1878 
1878 
1899 


April   8,  1899 


M. 


337  H.^el,  M.,  Lofthouse  Station  Collieries,  near  Wakefield 

338  Hall,  M.  S.,  8,  Victoria  Street,  Bishop  Auckland 

339  Hall,William  F..  Haswell  Colliery,  H  aswell,  via  Sunderland 

340  Hat.t.as.  G.  H. .  Huyton,  near  Liverpool 

A. 

341  Hallimond,  William  Tasker,  c/o  Mrs.   Hallimond,  Oak- 

dene,  Seapoint,  Cape  Town,  South  Africa 

342  Halse,  Edward,   co  Senores    Marcelino  Restrepo   y  Cia,  A. 

Medellia,  Republic  of  Colombia,  South  America 

.343  Hamilton.  E.,  Rig  W^ood.  Saltburn-by-the-Sea        

A. 

344*Hancock,  H.  Lipson,  Moonta  Mines,  South  Australia 

345  Hancock,  H.  R. ,  Ivymeade,  Burnside,  South  Australia    ...  A. 


346  Hann,  Robert,  Jun.,  42,  Eglinton  Street,  Sunderland 

347  Hannah,  David,  Brynderwen,  Ferndale,  South  Wales 

348  Hare.  Samuel,  Bedlington  Collieries,  Bedlington,  R.S.O., 

Northumberland 

349  Harle,  Peter,  Page  Bank  Colliery,  Co.  Durham      

350  Harle,  Richard,  Browney  Colliery,  Durham  

351  Harris,  G.  E.,  Margherita,  Debrugarh,  Upper  Assam 

352  Harrls,  Howard,  P.O  Box  16,  Dundee,  Natal,  South  Africa 

353  Harris.  W.  S.,  Kibblesworth,  Gateshead-upon-Tyne 


354  Harrison,  C.  A. ,  North  Eastern  Railway,  Newcastle-upon- 
Tyne     


April 

Oct. 

June 

Feb. 

Dec. 

Dec. 

Aug. 

Sept. 

Feb. 

May 

Oct. 

Aug. 

June 


8,  1893 
14,  1893 

8.  1889 
10,  1894 

12,  1896 
14,  1889 

3,  1895 
5,  1868 

14,  1874 

13,  1858 

7,  1876 

4,  1883 

8,  1889 


Dec.  14, 
June  13, 
Aug.  3, 
Nov.  1, 
Aug.  2, 
June  8, 
Dec.  14, 
Aug.  4, 
Nov.  24, 
Oct.  14, 
Feb.  9, 
Aug.  2, 
Aug.  1, 
Oct.  8, 
April  7, 
Feb.  10, 
Aug.  7, 
Feb.  14, 
Aug.  7, 
June    8, 


1889 
1885 
1889 
1873 
1879 
1889 
1895 
1894 
1894 
1899 
1895 
1879 
1891 
1892 
1877 
1894 
1897 
1874 
1880 
1889 


June  21,  1894 


LIST    OF   MEMBEES. 


XXVll 


Date  of  Election 
and  of  Transfer. 
Aug.  6,  1S92 
June  8,  1895 
April  e,  1867 

June  11,  1898 
A.M.  Dec.    11,  1897 

M.  April  2,  1898 
A.M.  Dec.  11,  1897 

M.  June  11,  1898 


355  Harrison.  G.  B.,  Swiutou,  near  Manchester 

356  Harrisox,  Jonathan,  Kimihia,  Auckland,  New  Zealand  ... 

357  Harrison,  \V.  B. ,  Brownhills  Collieries,  near  Walsall 

358  Harvey,    Jajies    Andrkw,     3,    St.    Nicholas'    Buildings, 

Newcastle-upon-Tyne 

359  Haselden,  Arthur,  Linares,  Provincia  de  Jaen,  Spain 

360  Haselden,   Eugene  Kinnaird,   Jardines  No.  3,  La  Caro- 

lina, Provincia  de  Jaen,  Spain 
361*Hawker,  Edward  William,  8,  Alma  Chambers,  Off  Grenf ell 
Street,  Adelaide,  South  Australia  .. 

362  Hay,  J.,  Jun  ,  Widdrington  Colliery,  Acklington 

363  Hedley,  J.  L.,  H.M.  Inspector  of  Mines,  2.  Devonshire  Ter- 

race, Newcastle-upon-Tyne   (Vice-President,   Member 
of  Council) 
Sti-t  Hedley,  Septimus  H.,  Langholnie,  Roker,  Sunderland 


365  Hedley,  William,  Ouston  House,  Chester-le-Street 

36(j  Heinze,  F.  Aug.,  Trail,  British  Columbia      

367  Henderson,  Charles,  Cowpen  Colliery,  Blyth,  Northum- 

berland 

368  Henderson.  Jcseph  J..  P.O.  Box  28,  Brooklvn,  New  York, 

U.S.A ". 

369  Hendy,  J.  C.  B.,  Etherley,  via  Darlington     

370  Hepburn,  Wheldon,  Littletown  Colliery,  near  Durham  ... 

371  Heppell.  T.,  Leafield  House.  Birtley.  Chester-le-Street 

372  Herrmann,  Henry  J.  A.,  37,  Walbrook,  London, ,E.C.    ... 

373  Heslop,  C,  Woodside.  Marske  Mill  Lane,  Saltburn-by-the- 

Sea 

374  Heslop,  Grainger,  Deptford  Hall,  Sunderland         

375  Heslop,   Michael,    Rough  Lea   Colliery,    Willington,   Co. 

Durham 

376  Heslop,  Septimus,  New  Beerbhoom  Coal  Company.  Limited, 

Asansol,  Bengal,  India 

377  Heslop,    Thomas,    Randolph    Colliery,  Evenwood,  Bishop 

Auckland 

378  Heslop,     William     Taylor,     South     African    Collieries, 

Dundee,  Natal,  South  Africa 

379  Hewitson,  Thomas,    Ivanhoe  Gold   Corporation,  Limited, 

Boulder,  Western  Australia 
380*Hewitt,  G.  C.,  Serridge  House,  Coalpit  Heath,  near  Bristol 

381  Hewlett,  A.,  Haseley  Manor,  Warwick         

382  Hewlett,  Erne,  Ammanford  Colliery  Company,  Limited, 

Ammanford,  R.S.O.,  Carmarthensliire 

383  HiGSON,  Jacob,  18,  Booth  Street.  Manchester 

384  Hill,    Leslie,   541,   Hastings  Street,  Vancouver,   British  A^M.Aug, 

Columbia 

385  Hill.    William,   40,    Wellington    Road,    Edgbaston,    Bir- 

mingham 
386*HiLTON,  J.,  Woodcock  Hall,  Newbm-gh,  near  Southport    ... 

387  Hilton,  Robert  Stuart,  Thorn  Lea,  St.  Ann's,  St.  Helen's, 

Lancashire 

388  Hilton.  T.  W.,  Wigan  Coal  and  Iron  Company,  Limited, 

Wigan  ... 

389  HoBSON,     J.    B.,     Cariboo    Hydraulic    Mining    Company, 

Limited,  Vancouver,  British  Columbia         ^      

390  Hod(;e,  Francis,  Coromandel,  near  Auckland,  New  Zealand 

391  Hodgson,  Jacob,  Cornsay  Colliery,  Co.  Durham      

392  Hoffman,    Charles,    Per    Private   Bag,    P.O.    Box    1022, 

Johannesburg,  Transvaal    ... 

393  Hogg,  C.  E.,  34  and  36,  Gresham  Street,  London,  E.G.      ... 


Oct.  12,  1S95 

s. 

Sept.  4,  1869 

M. 

Aug.  4,  1874 

S. 

Feb.  5,  1870 

M. 

Aug.  2,  1873 

S. 

Feb.  15,  lS7(j 

A.M. 

Aug.  1,  1885 

M. 

Aug.  3,  1889 

Feb.  13,  1.^97 

Dec.  11,  1897 

Dec.  9,  1899 

June  13,  1891 

Oct.  14,  1893 

Aug.  3,  1895 

Aug.  6,  1863 

Dec.  10,  1898 

S 

Feb.  1,  1868 

M 

Aug.  2,  1873 

Oct.  5,  1872 

A 

Feb.  10,  1894 

M 

June  21,  1S94 

Oct.  12,  1895 

S. 

Oct.   2,  1880 

A.  M. 

Aug.  4,  1888 

M. 

Aug.  3,  18S9 

Aug.  3,  1895 

Dec.   9,  1899 

June  3,  1871 

March  7,  1861 

Oct.  10,  1896 

Aug.  7,  18('2 

A.M 

.Aug.  1,  1896 

M. 

Dec.  12,  1896 

A.M 

June  9,  1883 

M 

Aug.  3,  1889 

S 

Dec.  7,  1867 

M. 

Aug.  6,  1870 

April  28,  1900 

Aug.  3,  1865 

April  25,  1896 

April  14,  1894 

June  8,  1895 

June  13,  1896 

Oct.  12,  1895 

xxvin 


LIST   OF    MEMBERS. 


.•{!)4 
Si).-) 
S9(i 
397 
398 

399 

400 

401 
402 

403 

404 
405 
406 

407 

408 


409 

no 

411 

412 
413 

414 

415 

416 


HoM'.r.KTON,  Wai/ikr  TwiNiNi;,  Copiapo,  Chile 

HoLLU>AY,  Maktin  F. ,  Lauglfj' ( Jiwvc,  Durham 

HoLLiNiis,  Jamks  Spencer,  Brvmbo,  near  Wrexham 

Mollis,  Hknkv  William.  Fairfield,  Darlington 

HoLMAN,  Fkkdekick  John,  The  Grove,  Walton-le-Dale, 
Preston,  Lancashire  ... 

Holt,  John,  Jun.,  Exchange  Buildings,  G,  St.  Mary's 
Ciate,  Manchester       ...         

Ho.meksham,  Thomas  H.  C,  Vulcan  Iron  Works,  Thornton 
Koad,  Bradford 

Hood,  A,  (5,  Bute  Crescent,  Cardiff 

Hooper,  Kuwaro,  c/o  Bewick,  Moreing  and  Company,  Broad  A.M. 
Street  House,  New  Broad  Street,  London,  E.C.  ...      M. 

Hooper,   G.  C,   P.O.  Box  38,  Klerksdorp,   South  African  A.M. 
Republic  M. 

Hope,  Edmund  Louis,  Dandot,  Ihelum,  Punjaub,  India     ... 

Hopkins,  Edward,  13,  Harrington  Gardens,  London.  S  W. 

Hopkins,  Gek.\ld,  British  Columbia  Bullion  Extracting 
Company,  Silica,  Rossland,  British  Columbia 

Hokswill,  Frederick  J.,  1218,  Chesnut  Street,  Oakland, 
California,  U.S  A. 

HosKOLD,  Carlos  A.  Lynes,  First  Engineer,  Inspector  of 
the  National  Department  of  Mines  and  Geology,  Calle 
Charcas,  1222,  Buenos  Aires,  Argentine  Republic 

HosKOLD,  H.  D.,  Inspector  General  of  Mines  of  the  Argen- 
tine Republic,  and  Director  of  the  National  Depart- 
ment of  Mines  and  Geology,  Buenos  Aires,  Argentine 
Republic 

House,  John,  Rosebridge  and  Douglas  Bank  Collieries  Com- 
pany, Limited,  Wigan  ...         ... 

Howes,  Frank  T.  ,  Singareni  Collieries,  Hyderabad  Deccan       A. 
Company,  Limited,  Secunderabad.  India  ...         ...      M. 

Hudson,  James  0.,  Menzies,  Western  Australia 

Humble,  William,  Lawson  Street,  Hamilton,  Newcastle, 
New  South  Wales 

Hurst,  George,  9,  Framlington  Place,  Newcastle-upon-Tyne        S. 


Uatu  of  Election 
ami  of  Transfer. 

June  9,  190O 
May  1,  1875 

Oct.  14,  1899 

June  8,  1889 

Dec.  9,  1899 
Aug.  5,  1893 


Aug. 
May 
June 
April 
Aug. 
Oct. 
Oct. 
Oct. 


6,  1898 
2,  1861 
4,  1881 

14,  1894 
4,  1894 

13,  1894 
9,  1897 
8,  1889 


Hutchinson,  John  William,  Willow  Lodge,  Abram,  near 

Wigan,  Lancashire    ... 
Hutchinson,  R.  L.  ,  c/o  W.  Hutchinson  and  Company,  3, 

Queen  Street,  Newcastle-upon-Tyne         ...         


417  Jackson,  W.  G.,  High  Prestwick,  Chiddingfold,  Surrey     ... 

418  Jaffrey,  Thomas,  .John  Bull  Gold  Mine,  Limited,  Ravens- 

wood,  Queensland,  Australia 

419  Jaffrey,  William,  3,  Victoria  Street,  London,  S.W. 

420  James,  John,  The  Crown  Point  Gold  Mines,  Limited,  Mac- 

Mahon's  Reef,  New  South  Wales  ... 

421  James,  William  Henry  Trewartha,  38,  Aberdare  Gardens, 

West  Hampstead,  London,  N.W.  ... 

422  Jeffcock,  T.  W.,  18,  Bank  Street,  Sheffield 

423  Jefferson,  Frederick,  Whitburn  CoUiorj',  South  Shields 

424  Jenkins,   Charles   Warren  Bowen,   Keirawarra,  Chats- 

wood,  North  Sydney,  New'South  Wales 

425  Jenkins,  W.,  Ocean  Collieries,  Treorchy,  Glamorganshire  .. 

426  J  EPSON,  H.,  39,  North  Bailey,  Durham  


427  JoBLiNG,  John  William,  Clifton  Cottage,  Burnley,  Lanca- 
shire 

428*Jop.LiNG,  Thomas  E.,  Bebside,  Northumberland  (Member 
of  Council)       

429*JoHNS,  J.  Harky,  c/o  H.  Eckstein  and  Company,  5,  Standard 
Bank  Buildings,  Cape  Town,  South  Africa 


Feb.  10,  1900 
Oct.    14,  1899 

June     8,  1895 

April    1,  1871 

Jime  13,  1896 
Dec.  10,  1892 
Oct.  14,  1893 
April   2,  1898 

Oct.  14,  1893 
April  14,  1883 
Aug.     1,  1891 

Oct.    14,  1899 

June  13,  1896 

June     7,  1873 

Dec.  10,  1898 
Feb.   13,  1897 

June  12,  1897 

Dec.  12,  1896 
Sept.  4,  1869 
Dec.    11,  1897 


S, 

A.M. 

M. 


S. 

A.M. 

M. 


Oct. 

Dec. 

July 

Aug. 

June 


9,  1897 
6,  1862 
2,  1872 
2,  1879 
8,  1889 


June  13,  1896 
Oct.  7,  1876 
Aug.  4,  1883 
June  8,  1889 

June  21,  1894 


LIST   OF    MEMBERS. 


XXIX 


430  Johnson,  Algernon  Edward,  Egerton  Street,  Wrexham 
314  Johnson,    J.,    York    Terrace,    Doncaster  Road,    Stairfoot, 

near  Barnsley 
432  Johnson,  W.,  Hall  Garth,  Carnforth,  Lancashire    ... 


433  Johnston,  Duncan  Stuart,  P.O.  Box  116,  Johannesburg, 

Transvaal 

434  Johnston,  .J.   Howard,  c/o   Backus   and   Johnston,  Lima, 

Peru,  South  America 

435  JoiOEY,  W.  J.,  Sunningdale  Park,  Berkshire  

436  Jones,  John  Arthur,  Gijon,  Asturias,  Spain... 

437  Jones,  Jacob  Carlos.  Bellambi,  New  South  Wales 

438  Jones,    Thomas,    1,   Princes  Street,  Great  George  Street, 

London,  S.W. 

439  JuDD,   Henry  Alexander,  Lake  View  South  Gokl  Mine, 

Kalgoorlie,  Western  Australia 

440  Kanda,  Reiji,  Shikaibetsu  Silver  and  Lead  Mines,  Yoichi,  A. 

Hokkaido,  Japan 

441  Kay,  Robert,  South  Tanfield  Colliery,  Stanley,  R.S.O.,  Co. 

Durham 

442  Kayll,  A.  C,  Gosforth,  Newcastle-upon-Tyne  {Member  of 

Council) 

443  Kayser,  H.  W.  Ferdinand,  Launceston,  Tasmania 

444  Kebler,   Julian  A.,  Boston  Building,  Denver,  Colorado, 

U.S.A 

445  Kellett,  Matthew  H.,  St.  Helen's  Colliery,  Bishop  Auck- 

land 

446  Kellett,  William,  Portland  Bank,  Southport        

447  Kennedy,  Prof.  Georoe  Thomas,  King's  College,  Windsor,  A, 

Hants  County,  Nova  Scotia 

448  KiDD,   Thomas,  Jun.,   Linares,  Provincia  de  Jaen,  Spain. 

Tniiisactioii.'i  sent  to  c/o  Thomas  Kidd,    104,    Balham 
Park  Road,  Balham,  London,  S.W. 

449  KiRKBY,  J.  \V.,  Kirkland,  Leven,  Fife 

450  KiRKEOAARD,  Peter,  Canadian  Goldfields,  Limited,  Deloro, 

Hastings  County,  Ontario,  Canada 

451  KiRKUP,  Austin,  Newbottle  Colliery,  Bvmker  Hill,  Fence 

Houses... 

452  KiRKUP,  J.  P.,  Burnhope,  Lanchester  ... 

453  KiRKi'P,    Philip,    Leaheld   House,    near    Chester-le-Streef 

(Member  of  Council)  ...         ...         ...         ...         ...         ...A, 

454  KiRTON,  Hugh,  Kimblesworth  CoUieiy,  Chestcr-le-Street ... 


455  Klauke,  Josef,  High  Green,  Tankersley,  near  Barnsley   ... 
456*Knowles,  Robert,  Ednaston  Lodge,  Derby 
457  KoNDO,  R.,  7,  Setomoncho,  Nihonbashi,  Tokio,  Japan 
458*KwANG,   KwoNG   Yung,  Chinese  Engineering  and  Mining 
Company,  Lin  Si  Colliery,  Tientsin,  North  China 

4.59  Lamb,  R.  0.,  West  Denton,  Newcastle-upon-Tyne    . 

460  Lambert,    Farquhar,    Apartado,   2025,    City    of    Mexico, 

Mexico... 

461  Lancaster,  John,  Ashlawn,  Rugby     ... 

462  Lancaster,  John,  Auchenheath,  R.S.O.,  N.B. 

463  Landale,  a..  Comely  Park  Place,  Dunfermline 

464  Landero,    Carlos  F.   de,   c/o   Real   del  Monte   Company, 

P.O.  Box  1,  Pachuca,  Mexico 
465*Laporte,  H.,  57,  Rue  de  la  Concorde,  Brussels 
466  Laverick,     John     Whales,     Thornley     House,    Thomley,  A.M 

R.S.O.,  Co.  Durliam 


Date  of  Election 
and  of  Transfer. 
April  25,  1896 

March  7,  1874 

S.  Feb.    14,  1874 

A.M.  Aug.    2,  1879 

M.  June    8,  1889 


Feb.  15, 

1896 

Feb.  10, 

J894 

March  6, 

1869 

April  8, 

1893 

Aug.  6, 

1892 

June  12, 

1897 

Oct.   8, 

1898 

M. 

Aug.  4, 

1894 

M. 

Nov.  24, 

1894 

Aug.  4, 

1894 

S 

.  Oct.  7, 

1876 

M. 

Aug.  3, 

1889 

Nov.  24, 

1894 

June  13, 

1896 

S. 

April  11, 

1S91 

M. 

Aug.  3, 

1895 

June  1 , 

1878 

M 

Oct.  10, 

1896 

M 

.  April  2, 

1898 

Aug.  3, 

1895 

Feb.   1, 

1873 

April  28, 

1900 

S. 

April  9, 

1892 

M. 

June  12, 

1897 

April  11, 

1891 

S. 

March  2, 

1878 

.M 

Aug.  7, 

1SS6 

M. 

Aug.  3, 

1889 

S 

Apiil  7, 

1877 

.M 

Aug.  1, 

1885 

M. 

J  une  8, 

1889 

Feb.  13, 

1897 

April  10, 

1886 

June  21, 

1894 

June  8, 

1895 

Aug.  2, 

1866 

Dec.  9, 

IS09 

March  2 

1865 

Sept.  7, 

1878 

Dec.  2, 

1858 

Feb.  15, 

1896 

May  5, 

1877 

.M 

.  Dec.  9, 

1882 

M 

Aug.  3, 

1889 

x\x 


1-IST    OF    MEMBERS. 


467  Lawn,  James  Gunson,  South  African  School  of  Mines, 
Kimber ley,  South  Africa     ..  ...  

46S  L.wvKKNi'E,  H.,  7  and  8,  Post  Office  Chambers,  Newcastle- 
niiow-'l'ync  (Me /)i lie r  of  Com ncil) 

4tin  Lawkenck.  H.  L.,  19,  Walpole  Terrace,  lirightoii    ... 

470  Laws,  \V.  G. ,  Town  Hall,  Newcastle-upon-Tyne 

471  Leach,    C.   C,   Seghill  Colliery,  Northumberland  {Member 

of  Council)       ...         ...         ...         ...         ...         ...         ...  A. 

472  Lebour,  G.  a.,  Durham  College  of  Science,  Newcastle-upon- 

Tyne.     Trnnsactioii-s  sent  to  RadcliflFe  House,  Corbridge- 
upon-Tyne 

473  Leck,  \Yili.iam,  H.M.  Inspector  of  Mines,  Cleator  Moor, 

Cumberland    ... 

474  Lee,  J.  W.    R. ,  70,  St.  Helen's  Gardens,  North  Kensington, 

London,  W. 

475  Lewis,  H.  R.,  Finsbury  Circus  Buildings,  London,  E.C.     ... 

476  Lewis,  John  Dyer,  H.M.  Inspector  of  Mines,    183,     Rich- 

mond Road,  Roath,  Cardiff 

477  Lewis,    Sir    William    Thomas,   Bart.,    Mardy,    Aberdare 

478  LiDDELL,    .7oHN,    Kiuiberley   Mine,  De  Beers  Consolidated 

Mmes,  Limited,  Kimberley,  South  Africa 

479  LiDDELL,  J.  M.,  3,  Victoria  Villas,  Newcastle-upon-Tyne   ... 


Date  of  Election 
and  of  Transfer. 

July   14,  1896 

Aug.  1,  1S68 
April  8,  1893 
Oct.  2,  1880 
March  7,  1874 
Aug.  6,  1881 
Aug.     4,  1883 


480  LiNDAY,  George,  Blackett  Colliery,  Halt  whistle     ... 

481  LiNDOP,  A.  B.,  Westport  Coal  Company,  Limited,  Dennis- 

ton,  ^Yestport,  New  Zealand 

482  LiSHMAN,  R.  R.,  Bretby  CoUierj-,  Burton-.upon-Trent 

483  LiSHMAX,  T.,  Hetton  Colliery,  Hetton-le-Hole,  R.S.O.,  Co. 

Durham 

484  LisHMAN.  William,  Holly  House,  Witton-le-Wear 

485  LiSHMAN,  W.  Ernest,  Rothbury  House,  Gosforth,  Newcastle- 

upon-Tyne 

486  Lisle,  J.,  El  Bote  Mine,  Zacatecas,  Mexico  ... 


487  Little,  Gilbert,  Transport  Appliance  Works,  Smethwick, 

Birmingham    ... 

488  Littlejohn,  Albert,  "  Hawthorn,"  Manly,  Sydney,  New 

South  Wales    ... 


489  Liveing,  E.  11.,  The  Yorkshire  College,  Leeds 


A 


490  Llewellin,  David  Morgan,  Glanwern  Offices,  Pontypool 

491  Lloyd,  G.  Hamilton,  c/o  J.  A.  Scrivener,  20,  Bucklersbury, 

London,  E.C.  ... 

492  Lloyd,  Herbert,  P.O.  Box  484,  Bulawayo,  Rhodesia,  South  A. 

Africa    ... 

493  LocKwoOD,  Alfred  Andrew,  48,  East  Street,  Faversham, 

Kent     

494  Logan,  William,  Langley  Park  Colliery,  Durham 

495  LoNGRiDGE,  Captain  Cecil  Clement,  Swan  House,  Great 

Swiiu  Alley,  Coptliall  Avenue,  London,  E.C. 

496  LoNGRiiiGE,   Jethro,   Burradon   and    Hazelrigg   Collieries, 

South  Gosforth,  Newcastle-upon-Tyne     ... 

497  Lord,  Edward  Iveagh,  Greymouth,  Westlund,  New  Zealand 
49S*Louis,  D.  A.,  77,  Shirland  Gardens,  London,  W. 

499  Louis,  Henry,  9,  Summerhill  Terrace,  Newcastle-upon-Tyne 

(Memher  of  Council)    ... 

500  Lovely,  W.  H.  C,  "  Cranbrook,"  Rose  Bay,  Sydney,  New- 

South  Wales 


Feb.     1,  1873 

Nov.  24,  1894 

Aug.  5,  1893 
April  14,  1894 

Oct.  9,  1897 
Sept.    3,  1864 

July  14,  1896 
March  6,  1S75 
Aug.  6,  1881 
.)une  8,  1889 
June   10,  1893 

Dec.  9,  1893 
June  9,  1883 
Aug.  1,  1891 
Nov.  5,  1870 
Aug.  3,  1872 
April   1,  1858 

June  10,  1893 
•July  2,  1872 
Aug.  3,  1878 
June    8,  1889 

April  27,  1895 
Nov.  24,  1894 
Aug.  2,  1897 
Feb.  10,  1900 
Sept.  1,  1877 
Aug.  2,  1884 
Aug.  3,  1889 
May   14,  1881 

Dec.  9,  1893 
.  April  2,  1898 
.  Aug.    6,  1898 

June  12,  1897 
Oct.      5,  18(J7 

Aug.     1,  1896 

Dec.  14,  1889 
Dec.  12,  1896 
April  8,  1893 

Feb.  15,  1S90 

June  8,  1895 


LIST    OF    MEMBEES.  XXXI 


501  LowDON,  Thomas,  Hanisteels,  near  Durham  ... 

502  LuPTON,  Arnold,  6,  De  Grey  Road,  Leeds 

503  MacArthur,  John  S. ,  45,  Reufield  8treet,  Glasgow 

504  MacCabe,  H.  O.,  c/o  N.  K.  Ewiug,  Perth,  Western  Australia 

505  McCarthy,  E.  T.,  o/o  Colonel  Pigott,  Archer  Lodge,  Charles  A.M.  Oct 

Road,  St.  Leonards-on-the-Sea 

506  McCreath,  J.,  208,  St.  Vincent  Street,  Glasgow     ... 

507  Macfarlane,  George,  Edmonton,  Alta,  Canada     ... 

508  McGeachie,  Duncan,  West  Wallsend,  New  South  Wales 

509  Mackintosh,  James,  Lamancha  P.O.,  Peeblesshire 

510  Maclaren,      .James      Malcol.m,      Assistant     Government 

Geologist,  Brisbane,  Queensland  ... 

511  McMurtrie,  George  Edwin  James,  Radstock,  near  Bath 

512  McMurtrie,  J.,  Radstock  Colliery,  Bath 
51.3  McNeill,  Bedford,  25a,  Old  Broad  Street,  London,  E.G. 

514  Maddison,  Thomas  R.,  Dirtcar  House,  near  Waketield 

515  Maddison,  W.  FT.  F.,  The  Lindens,  Darlington 
510  M.\LiNG,  C.  T.,  Ellison  Place,  Newcastle-upon-Tyne 

517  Mammatt,  J.  E.,  1,  Albion  Place,  Leeds 

518  Manning,  Arthur  Hope,  P.O.  Box  88,  Heidelberg,  Trans- 

vaal 

519  Markham,  G.  E.  ,  Goundou,  Bishop  Auckland 

520  Marley,  J.  W.,  Thornlield,  Darlington  

521*Marriott,  Hugh  Frederick,  c/o  H.  Eckstein  and  Com- 
pany, 5,  Standard  Bank  Buildings,  Cape  Town 
522  Marten,  E.  B.  ,  Pedniore,  near  Stourln-idge  ... 
528  Martin,  C.   W.,   Newbottle  Colliery  Offices,  Fence  Houses 

524  Martin,  Henry  W.,  Trewern,  Dowlais,  (jllamorganshire  ... 

525  Mascall,  William  Henry,  Meadow  View,  Etherley  Lane, 

Bishop  Auckland 

526  Mason,  Francis  Herbert,  Queen  Building,  Hollis  Street, 

Halifax,  Nova  Scotia  ...         ...         ...         ...         ...  June    8,  1895 

527  Mathieson,  Alexander,  Hetton  Colliery,  Carrington,  near 

Newcastle,  New  South  Wales         ...         ...         ...         ...  Nov.     5,1892 

528  Matthews,  D.   H.    F.,  H.M.    Inspector   of   Mines,   Hoole, 

Chester  _.         ^ Nov.  24,  1894 

529  Matthews,    J.,    c/o   R.    and    W.    Hawthorn,    Newcastle-  A.M.  April  11,  1885 

upon-Tyne       M.  Aug.     3,  1889 

530  Matthews,  Pv.  F.  ,  Harehope  Hall,  Alnwick  March  5,  1857 

5'M  Mawson,  R.  Bryham,  Bickershaw  House,  Bickersliaw,  near 

Wigan June  11,  1892 

53i  May,     George,     The    Harton     Collieries,     South     Shields 

(Past-President,  Menihtr  of  Council)     ...         ...         ..  March  6,  1862 

533  Mein,  Henry  Johnson,  Carterthorne  Colliery,  Trjft  Hill, 

Bishop  Auckland       Dec.      9,1899 

534  Meldrum,  J.  J.,  Atlantic  Works,  City  Road,  Manchester  Nov.  24,  1S94 

535  Mellon,  Henry,  Brook  Lea,  Askam-iu-Furness  ...  April  25,  1896 

536  Mellobs,   Paul,  The  New    Rio   Tinto   Copper   Company, 

Limited,  La  Majada,  Campofrio,  Huelva,  Spain  ...  April    8,  1899 

537  Menzies,' Arthur  William,  Meuai  Bank,  Cai-naivoa         ...  Aug.     6,1898 

538  Merivale,  J.  H. ,  Togston  Hall,  Acklington,  Northumberland 

(Vice-Pre.sident,  J/e»i^e/' o/Co(»((.'*')      May     5,1877 

539*Merivale,    W.  ,    Agent  and  Engineer,   South  Western   of 

Venezuela  Railway,  c,'o  Messrs.  Bolton,  Puerto  Cabelio,  A.M.  March 5,  1881 
Venezuela        M.  Aug.    3,  1889 


Date  of  Election 

and  of  Transfer, 

Dec.  14, 

1889 

Nov.  6, 

1869 

April  8, 

1893 

S. 

Sept.  7, 

1878 

A.M. 

Aug.  7, 

1880 

M. 

Aug.  3, 

1889 

A.M. 

Oct.   8, 

1887 

M. 

Aug.  3, 

1889 

March  5, 

1870 

Oct.  14, 

1S99 

Nov.  24, 

1894 

Oct.  12, 

1895 

April  28, 

1900 

S. 

Aug.  2, 

1884 

M. 

Dec.  12, 

1891 

Nov.  7, 

1863 

Dec.  11, 

1897 

S 

March  3, 

1877 

A.M 

Aug.  6, 

1881 

M. 

June  8, 

1889 

June  14, 

1890 

Oct.   5, 

1872 

Aug.  3, 

1865 

Dec.  11, 

1897 

S 

Dec.  4, 

1875 

A.M. 

Aug.  7, 

1880 

M 

June  8, 

188!) 

S 

Aug.  1, 

1868 

M. 

Aug.  2, 

1873 

Dec.  12, 

1896 

July  2, 

1872 

Aug.  6, 

1892 

Oct.   9, 

1897 

S. 

Nov.  5, 

1892 

A. 

Aug.  7, 

1897 

M. 

Feb.  10, 

1900 

XXXll 


IJST    OF   MEMBERS. 


540  Mkkrttt,  W.   Hamilton,  90,   Bloor  .Street  East,  Toronto, 

Outario,  Canada 

541  Meto.vlf,  a.    T.,    Joe's    Reef    United    (Sheba),    Limited, 

Eureka  City,  De  Kaap,  South  African  Republic 

542  Mkvsky-Thompson,  A.  H.,  8im  Foundry,  Leeds      A 

54o  MinuLETON,  Robert,  Sheep  Soar  Foundry,  Leeds    ... 

544  Miller,    George    Aitleby    Bartkam,    Barnsle^'    House, 

Leighton  Road,  Southville,  Bristol 

545  Miller,  James,  Minas  de  Sao  Bento,  Santa  Barbara  de  Matto 

Dentro,  Minas  (ieraes,  Brazil 

546  Miller,  J.  P.  K.,  H.  C.  Frick    Coke  Company,  Scottdale, 

Pennsylvania,  U.S.A. 

547  MiTCHixsoN,    R.,    Pontop   Colliery,  Annfield  Plain,  R.S.O., 

Co.  Durham    ... 

548  Mole,  William  Frederick  de,  P.O.,  Box  217,  Coolgardie, 

Western  Australia    ... 

549  MoxcKTON.   G.    F.,   School  of   Mines,  Vancouver,    British  A.M. 

Columbia  ...         ...         ...         ...         ...         ...         ...       M. 

550  Montgomery,  Alexander,  Kam-i  Freehold  Gold  Estates, 

Limited,  Opitonui,  Coromandel,  New  Zealand  ... 

551  Moody,  Thomas  Pear.son,  Hikurangi,  via  Auckland.  New 

Zealand 

552  Moore,  R.  T.,  156,  St.  Vincent  Street,  Glasgow        

553  Moore,  R.  W.,  Somerset  House,  Whitehaven  ...         ...        S. 

M. 

554  Moore,  William,  Loftus  Mines,  Loftus-in-Cleveland,  R.S.O.  A.M. 

M 

555  MOREING,  C.   A.,  Broad  Street  House,  Old  Broad  Street, 

London,  E.C.  ... 

556  Morgan,  John,  Norseman  Gold  Mining  Company,  Limited, 

Norseman,  Western  Australia 

557  MoRi.soN,     John,     Cramlington    House,     Northumberland  A.M. 


558  Morland-Johnson,    Edward    Thomas,    Dol   Gam,    New- 

market Square,  Blaenau  Festiniog,  North  Wales 

559  Morris,  William,  Waldridge  Colliery,  Chester-le-Street  ... 

560  Morse,  Willard  S.  ,  Apartado  A. ,  Aguascalientes,  Mexico 
561*Morton,  H.  J.,  Scarborough     ... 

562  Moses,    William,    The   Transvaal   Coal    Trust   Company, 

Limited,  Brakpan  Colliery,   Johannesburg,  Transvaal, 
per  Brakpan  Private  Bag     ... 

563  Mountain,  William  C.  ,  Forth  Banks,  Newcastle-upon-Tyne 

564  MuiR,  John  James,  Mount  Lyell  Comstock  Mine,  North 

Lyell  P.O.,  Tasmania 

565  Mundle,   Arthur,  Bank    Chambers,    24,    Grainger   Street 

West,  Newcastle-upon-Tyne 

566  Ne.vve,  Henry  Edward,  The  Kootenay  Land  Exploration 

Company,  Limited,  Windermere,  East  Kootenay,  British 
Columbia 

567  Ness,   William    Waters   van,   Bulawayo,    Matabelelaud, 

South  Africa   ... 

568  Nevin,  John,  Littlemoor,  Mirfield,  Normanton 

569  Newbigin,  H.  Thornton,  15,  Chester  Crescent,  Newcastle- 

upon-Tyne 

570  Newton,  James,  2,  Randolph  Gardens,  Dover 

571  NiCHoi^oN,  Arthur  Darling,  H.  M.  Inspector  of  Mines, 

14,  Chatsworth  Square,  Carlisle    ... 

572  NiGHOusoN,  J.  Cook,  CoUingwood  Street,  Newcastle-upon- 

Tyne     


Date  of  Election 
and  of  Transfer. 

Oct.  14,  1893 

June  21,  1894 

,  April  3,  1889 

Aug.  3,  1889 

Aug.  1,  1891 

June  13,  1896 

Aug.  4,  1894 

Dec.  14,  1895 

Feb.  4,  1865 

Dec.  12,  1896 
July  14,  1896 
Dec.  10,  1893 

Dec.  9,  1899 

Dec.  11,  1897 
Oct.  8,  1892 
Nov.  5,  1870 

,  Aug.  4,  1877 
Nov.  19,  1881 

,  Aug.  3,  1889 

Nov.  7,  1874 

Aug.  7,  1897 
Dec.  4,  1880 
Aug.  3,  1889 

April  10,  1897 
Oct.  8,  1892 
June  13,  1896 
Dec.   5,  1856 


June  21,  1894 
April  9,  1892 

Aug.  5,  1899 
June  5,  1875 
Aug.  4,  1877 


11, 


A.M.  Aug.  1, 

M.  Dec.  12, 
A.M.  Aug.  7, 

M.  Dec. 

S.  May 

M.  Aug.  5, 

Oct.  13, 

Nov.  5. 

S.  June  13, 

A.  Aug.  4, 

M.  Feb.  12, 


1S96 
1896 
1897 
1897 
18G8 
1871 

1894 
1892 
1885 
1894 
1898 


Feb.  10,  1894 


Date  of  Election 

and  of  Transfer. 

s. 

Oct.   1,  1881 

A. 

Aug.  3.  1889 

M. 

April  8,  1893 

Nov.  7,  1863 

A. 

Feb.  13,  1892 

M. 

June  8,  1895 

Aug.  5,  1899 

Oct.  6,  1864 

LIST   OF   .MEMBERS.  XXxiii 

573  Nicholson,  J.  H.,  Cow-pen  Colliery  Office,  Blj'th     

574  Nicholson,  Marsh-\ll,  Middletou  Hall,  Leeds        

575  Noble,  Thomas  George,  Sacriston  Colliery,  Durham 

576  NoMi,  AlTARO,  Namazuta  Colliery,  Province  of  Chikuzeu, 

Japan    ... 

577  North,  F.  W.,  18,  St.  Swithin'.s  Lane,  London,  E.G. 

578  Oates,  Robert  J.   \T.,  Rewah  State   Collieries,    Umaria,        S.  Feb.   10,  1883 

C.  India,  Bengal  Nagpur  Railway  A.M.  Aucr.     l]  1891 

M.  Dec!   12,'  1891 

579  O'Donahue,  Thomas  Alotsius,  35,  Princess  Street,  Wigan  A.M.  Dec.  14,  1895 

M.  Oct.  9,'  1897 

580  Oldham,  George,  25,  Western  Hill.  Durham 

581  Orchard,  Albert  John  Alfred,  The  White  House,  Nail- 

stone  Colliery,  near  Leicester 
582*0SHIMA,  Rokuro,  Hokkaido  Colliery  and  R.  R.  Company, 
Sapporo,  Japan 

583  Ornsby,  Robert  Embleton,  Seaton  Delaval  Colliery,  North- 

umljerland 

584  Palmer,  Claude  B.,  Wardley  Hall,  near  Newcastle-upon- A.M.  Nov 

Tyne 

585  PAI.MER,  Henry,  Medomsley,  R.S.O.,  Co.  Durham 

586  Pamely,  C.  ,  U'ye  Cliffe  House,  Welsh  Street,  Chepstow 

587  Panton,  F.  S.,  54  Leazes  Terrace,  Newcastle-upon-Tyne 

588  Parker,  Thomas,  Wellington  Pit,  Whitehaven 

589  Parish,  Charles  Edward,  Ouston  Villa,  Chester-le-Street, 

Co.  Durham     ... 

590  Parrington,    M.    W.,    Wearmouth    Colliery,    Sunderland 

(Vice-President,  J/e»«ter  o/' Co^^xc//)      '.. 

591  Parsons,  Hon.  Ch.\rles  Algernon,  Heaton  Works,  New-  A.M.  June  12^  1886 

castle-upon-Tyne       M.  Aug.    3,'  1889 

592  Pascoe,    Thomas,    New    Options,    Limited,    Harrautville,  A.M.  April  10,  1897 

Victoria,  Australia    ...         ...         ...         ...         ...         ...       ^l.  .June  12    1897 

593  Paterson,    Andrew    James,    31,    Oxford    Street,    Lutton 

Place,  Edinburgh.      Transaction-s  sent  to  P.O.  Box  20, 

Maryborough,  Queensland,  Australia       ...         ...         ...  June  11    1898 

594  Peake,  R.  C. ,  Cumberland  House,  Redboum,  Herts.         ...         S.  Feb.     7    1880 

A.M.  Aug.    7,'  1886 
M.  Aug.    3,  1889 

595  Pear.se,  John  Walter,  56,  Rue  de  I'Aqueduc,  Paris-Nord, 

France June  10,  1899 

596  Pease,     Sir   J.    W.,    Bart.,    Hutton    Hall,    Guisbrough, 

Yorkshire        March5,  1857 

597  Peel.  Robert.  New  Brancepeth  Colliery,  Durham   ...         ...  Au*^.     6.  1892 

598  Peile,  William,  Rosemont,  North  Finchley,  London,  N.  S.  Oct.     1    1863 

M.  Aug.    6,'  1870 

599  Pengilly,  Frederick  Cardell,  St.  Day,  Scorrier,  Cornwall  Feb.    10,  1900 

600  Percy.  C.  M.,  King  Street,  Wigan      Dec.    14'  ]S95 

601  Persolet.  Arthur,  87,  Rue  Lafayette,  Paris,  France       ...  Dec.    I4'  1895 

602  Phillips,   William  Battle,   59,  Ninth  Street,  Pittsburg, 

Pennsylvania,  U.S. A June  12,  1897 

603  Pile,  William,  c/o  King  and  Sons,  Durban,  Natal,  South 

Africa Aug.    7,  1897 

604  PiNGSTONE,  George   Arthur,   P.O.    Box   212,   Bulawayo,  A.M.  June  11,  1898 

Rhodesia,  South  Africa  ...         ...         ...  "...      M.  Dec.    10    1898 

605  Plummer,  John,  H.M.  Inspector  of  Mines,  Bishop  Auckland  .June    8*  1889 


Nov. 

5, 

1892 

Feb. 

12, 

1898 

April  10, 

1897 

June  11, 

1898 

A.M. 

Nov. 

5, 

1892 

M. 

June 

8, 

1895 

S. 

Nov. 

2, 

1878 

A.M. 

Aug. 

4, 

1883 

M. 

Aug. 

3, 

1889 

S. 

Sept. 

5, 

1868 

M. 

Aug. 

5, 

1877 

S, 

.  Oct. 

5, 

1867 

M. 

Aug. 

4, 

1874 

June 

10, 

1899 

Feb. 

10, 

1900 

S. 

,  Dec. 

1, 

1864 

M. 

Aug. 

6, 

1870 
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Date  of  Election 
and  of  Transfer. 

606*PoORE,    0.    Bentlky,   c/o   H.    Eckstein    ami   Company,  5,  A.M.  Dec.   10,  1898 

Standard  Bank  Buildings,  Cape  ToAvn     '     ...  M.  April  S,  1899 

607  PoTTKK,  C.  J.,  Heaton  Hall,  Newcastle-upon-Tyne Oct.      3,  1874 

608  Price,    Francis    Holborrow    Glynn,   Longlands    Place, 

Swansea            Jiine  10,  1899 

609  Price,    S.    R.,    c/o    Forster    Brown   and    Rees,    Victoria  S.  Nov.    '^,  1877 

Chambers,   15,  Victoria  Street,  Westminster,   London,  A.M.  Aug.    1,  1885 

S.W M.  Aug.    .3,  1889 

610  Price,  S.  Warren,  25,  Lochaber  Street,  Cardiff     Aug.     3,  1895 

611  Princle,    John   Archibald,   P.O.   Box   1710,   Johannnes- 

bnrg,  Transvaal          ...         ...         ...         ...         ...         ...  Dec.    10,  1898 

61'2*Prior,  Edward  G.,  Victoria,  British  Columbia.  Transac- 
tiojis,  etc.,  sent  to  Robert  Fisher,  Wellington  Colliery 
Company,  Limited,  Alexandria  Mines,  South  Welling- 
ton, British  Columbia           Feb.     7,1880 

613  Pritchard,  Edward,  37,  Waterloo  Street,  Birmingham    ...  Dec.    12,  1896 

614  Pritchett,  C.  W.  ,  Jun.,  Steamboat  Spruigs,  Roath  County, 

Colorado,  U.S.A Dec.     9,  1893 

615  Prout,  James,  16,  Claremont  Road,  Redruth,  Cornwall     ...  Feb.    10,  1894 

616  Rae,  J.  L.  C,  Sydney  Harbour  Collieries,  Balmain,  Sydney, 

New  South  Wales      ...         ...  Oct.    14,1899 

617  Ramsay",  J.   A.,  Sherburn  and   Littletown  Collieries,  near 

Durham            March  6,  1869 

618  Ramsay,  Willi.4.m,  Tursdale,  Co.  Durham Sept.  11,  1875 

619  Randolph,  Beverley  S.,  Frostburg,  Maryland,  U.S.A.     ...  Aug.    4,  1894 

620  Ravenshaw,  H.  W.,  110,  Cannon  Street,  London,  E.C.     ...  Feb.    15,  1896 

621  Redmayne,  R.   A.   S.,  Seaton  Delaval  Colliery,  Newcastle-  S.  Dec.    13,  1884 

i\Y)on-Tyne  (Member  of  Council)      M.Dec.   12,1891 

622  Redwood,  Boverton,  Glenwathen,  Church  End,  Finchley, 

London,  N June  21,  1894 

623  Reed,    Frank,    c'o    Leayi'oyd    and    Company,    Solicitors, 

Buxton  Road,  Huddersfield             April  25,  1896 

624  Rees,  Robert  Thomas,  Glandare,  Aberdare,  South  Wales  Aug.    7,  1897 

625  Rees,   William   Thomas,   Maesyfiynon,  Aberdare,    South  A.M.  Oct.      9,1897 

Wales M.  Feb.    12,  1898 

626  Reid,  a.  H.  ,  20,  South  African  Chambers,  St.  George's  Street, 

Cape  Town      June  21,  1894 

627  Reid,  Francis,  13,  Railway  Arches,  Westgate  Road,  New- 

castle-upon-Tyne          April    9,  1892 

628  Renwick,  T.  C,  Lumley  Thicks,  Fence  Houses        April  14,  1894 

629  Rhodes,  C.  E. ,  Car  House,  Rotherham           Aug.    4,1883 

6.30  Rhodes,  F.  B.  F.,  National  Smelting  and  Refining  Com- 
pany, South  Chicago,  Illinois,  U.S.A Feb.  10,  1894 

631  Rich,    Francis  Arthur,    Karangahake,    Auckland,    New 

Zealand   '         Aug.     5,  1899 

632  Rich,  William,  1,  Heauton  Villas,  Redruth,  Cornwall     ...  A.M.  June    9,  1888 

M.  Aug.    3,  1889 

633  Richard,  George  Anderson,  Mount  Morgan,  Queensland, 

Australia         ...         ...         ...         ...         ...         ...         ...  June  11,  1898 

634  Richards,  T.  J.,  Kingfield  House,  El>bwvale,  Monmouth- 

shire        Oct.    10,  1896 

635  Richardson,    H.,    Backworth    Colliery,     Newcastle-upon- 

Tyne     March2,  1865 

6.36  Richardson,   Robert,   Blaydon   Main    Colliery,    Blaydon-  A.  Feb.     8,  1890 

upon-Tyne       M.  Aug.     3,  1895 

6.37  Ridley,   N.    B.,  2,   CoUingwood   Street,    Newcastle-upon- 

Tyne     June     8,  1895 

638  Ridley,  William,  Gilpin  House,  Houghton-le-Spring  ...  April  10,  1897 
6.39  RiDYARD,  J. ,  Hilton  Bank,  Little  Hulton,  Bolton-le-Moors, 

Lancashire      Nov.    7,  1874 

640  RiTSON,  U.  A.,  15,  Queen  Street,  Newcastle-upon  Tyne     ...  Oct.      7,  1871 

641  Robert,    Philip     Rhinel^nder,     Greenland,    Ontonagon 

County,  Michigan,  U.S.A Feb.   10,  1900 
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642  Roberts,  James,  Jun.,  Perran  House,  Perranporth,  R.S.O., 

Cornwall 

643  Roberts,      Robert,     Oakley    Slate     Quarries    Company, 

Limited,  Blaenau  Festiniog,  North  Wales 

644  Roberts,  Stephen',  Penlan,  Trefriw,  R.S.O.,  North  Wales 

645  Robertson-,    Andrew,    49,    Mining    Exchange,    Ballarat, 

Victoria,  Australia    ... 

646  Robertson,  D.  A.  W.,  Metropolitan  Colliery,  Helensburgh, 

near  Sydney,  New  South  Wales     ... 
647*Robertson,    J.    R.   M.,   Linton,  Milson's  Point,    Sydney, 
New  South  Wales     ... 

648  Robertson,  W.,  141,  St.  Vincent  Street,  Glasgow 

649  Robeson,  Anthony  Maurice,  Alaska  Mexican  Company, 

Douglas  Island,  Alaska,  U.S.A.     ... 
6.'iO*RoBiNS,  Samuel  M.,  Nanaimo,  British  Columbia     

651  Robinson,  C.  .       

652  Robinson,  George,  Boldon  Colliery,  R.S.O.,  Co.  Durham.. 

653  Robinson,   G.  C,  Brereton  and  Hayes  Colliery,  Rugeley, 

Staffordshire  ... 

654  Robinson,  John,  The  Grange,  Haydock,  near  St.  Helen's, 

Lancashire 

655  Robinson,    J.    B.,    Collieiy    Oflfices,    Tow    Law,    R.S.O., 

Co.  Durham     ... 

656  Robinson,    John    Thomas,    South     Medomsley    Colliery, 

Dipton,  R.S.O 

657  Robinson,    R.,   Howlish  Hall,  near  Bishop  Auckland 

658  RoBSON,  J.  S. ,  Butterknowle  Colliery,  t'«a  Darlington 

659  RoBSON,    T.   0.,  Chowdene  Cottage,  Low  Fell,  Gateshead- 

wpon-Tyne  (Member  of  Council)      

660  RoLKER,  Charles  M.,  Leadenhall  Buildings,  1  Leadenhall 

Street,  London,  E.C.  ...         

661  IloNALDSON,   J.   H.,  76,  Pitt  Street,  Sydney,   New    South' 

Wales 

662  RoscAMP,  J.,  Shilliottle  Colliery,  Lesbury,  R.S.O.,  North- 

umberland 

663  Ross,  Hu«h.  Croxdale  Colliery  OfBcc.  Durham  ...         '..'. 

664  Ross,  J.  A.  G.,  19,  Croft  Terrace,  Jarrowupon-Tyne 

665  Rothwell,  R.  P.,  253,  Broadway  (P.O.   Box   1833),   New 

York,  U.S. A 

666  Rothwell,  Samuel,  21,  Chorley  New  Road,  Bolton,  Lanca- 

shire      ... 

667  RoFTLEDOE,    W.    H. ,    Woodfield    Park,    Blackwood,    Mon- 

mouthshire 

668  RowE,  William  Henry,  9,  Earl  Terrace,  Douglas,  Isle   of 

Man         

669  Rowley,  Walter,  20,  Park  Row,  Leeds        

670  RrssELL,  Robert,  Coltness  Iron  Works,  Newmains,  N.B. ... 

671  Rutherford,  W.,  South  Derwent  Colliery,  Annfield  Plain, 

Lintz  Green 

672  Saint,  William,  H.M.  Inspector  of  Mines,  Kersal  Bank, 

Higher  Broiighton,  Manchester     ... 

673*Saise,  Walter,  Giridih,  E.I.R.,  Bengal,  India        A.M. 

M. 

674  Sam,  T.  B.  F.,  c/o  F.  and  A.  Swanzy,  Cape  Coast  Castle, 

West  Africa    ... 

675  Samborn.e,  John  Stukely  Palmer,  Timsbury  House,  Bath 

676  Sandeman,    John    J.,    Allan    House,     Rossland,    British 

Columbia 

677  Satterthwaite,  John,  (iarbham  Mines,  Garividi,  E.C. R., 

Vizagapatam  District,  India 

678  Saunders,  David  William  Alban,  Worcester  Chambers,  A.M. 

Swansea  ...         ...         ...         ...         ...      M. 
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679  S.vrNDERS,  Wiixiam  Thomas,  Ivydene,  West  Cross,  R.S^.O., 

near  Swansea '. Jime  1-2,  1897 

6S0*Sawykk,  a.  R.  ,  c/o  Fletcher's  Wholesale,  Cape  Town,  South        S.  Dec.     G,  1873 

Africa  ;  and  Hilhouse,  Woking,  Surrey A.M.Aug.     2,1879 

M.  June    8,  1889 

681  ScmiiTZ-DiTMONT,  G.,  Inspector  of  Mines,  Barberton,  Trans- 

vaal         Dec.    11,  1897 

682  SoHROLLER,  William,  c/o  Simon-Carves  Bye-Product  Coke 

Oven  Construction  and  Working  Company,  Limited,  20, 

Mount  Street,  Manchester Aug.     4,  1894 

683  Scott,  C.  F.,  Grove  Cottage,  Leadgate,  Co.  Durham  ...        S.  April  11,  1874 

M.  Aug.    4,  1877 

684  Scott,    Elcun,    Ropienka    Oil    Wells,    Ropienka,    Galicia, 

Austria 

685  Scott,  Ernest,  Close  Works,  Newcastle-upon-Tyne 

686  Scott,  Edward  Charlton,  20,  Henrietta  Street,  Swansea 

687  Scott,  F.  Bowes,  2  and  3,  Birch  Lane,  London,  E.G. 

688  Scott,  Joseph,  Ngahire,  rin.  Grey  mouth,  New  Zealand 

689  Scott,  Joseph  S.,  Trimdon  Hall,  Trimdon  Grange,  R.S.O., 

Co.  Durham 

690  ScorL.\R,  G.,  St.  Bees,  Cumberland 

691  Selby,  John  Baseley,  Leigh,  Lancashire      

692  Selkirk,  John  G,,  Dalton-in-Furness 

693  Settle,  Joseph  Burton,  The  Bartissol  Gold  Mining  Com- 

pany, Limited,  Umtali,  Rhodesia,  South  Africa 

694  Sharp,  JACor>,  Burnmoor  CoUieiy,  Fence  Houses    

69.5  Shaw,  F.  George 

696*Shaw,    James,    Stanley    House,    Kent    Town,    Adelaide, 

South  Australia  

697  Shaw,  J.  Leslie,  Somerset  House,  Whitehaven        

698  Sheafer,  a.    Whitcome,  Pottsville,  Pennsylvania,  U.S.A. 

699  Shiel,  John,  Framwellgate  Colliery,  Co.  Durham 

700  Shipley,  T.   B.       Tranmctiom  sent   to   c/o   Andrew   Reid 

and  Company,  Limited,  Newcastle-upon-Tyne 

701  Shute,  C.  a.,  7,  Dixon  Terrace,  Darlington 

702  SiBOLD,   C.    W.,   Public  Works  Department,  Soane  Circle, 

Arrah,  Bengal,  India  ...         ...         ...         

703  Simon,    Frank,    c/o    The    African   Banking    Corporation, 

Limited,  Durban,  Natal,  South  Africa 

704  Simpson,  C.   L.,  Engine  Works,  Grosvenor  Road,  Pimlico, 

London... 

705  Simpson,  F.  L.  G.,  Mohpani  Coal  Mines,  Gadawarra,  C.P.,  A.M.  Dec 

India     ... 

706  Simpson,    F.     R.,    Hedgefield    House,    Blaydon-upon-Tyne 

{Memher  of  Council)    ...         ...         ...         

707  Simpson,  Gilbert  Pitcairn,  3,  Cornwall  Terrace,  Regent's 

Park,  London,  N.W.  

708  Simpson,  J.,  Heworth  Colliery,  Felling,  R.S.O.,  Co.  Durham 

(Memher  of  Council)    ... 

709  Simpson,  J.   B.,   Bradley    Hall,   Wylam-upon-Tyne  (Past- 

President,  3/em6er  o/ CoHHCiV)     ... 

710  Sladden,  Harry,  P.O.  Box   2844,  6,  Barnato   Buildings, 

Johannesburg,  Transvaal     ... 

711  Slinn,  T.,  40,  Park  Avenue,  Whitley  Bay,  Northumberland 

712  Slooten,  William  van,  52,  Sidney  Place,  Brooklyn,  New 

York,  U.S. A ...         

713  Smailes,  Jno.,  Hebburn  Colliery,  Newcastle-upon-Tyne  ... 

714  Smart,    A.,    c/o    Frazer    and    Chalmers,    Limited,    Erith, 

Kent     ...         ...         ...  

715  Smith,  Alfred  Godden,  Golden  Vallej'  Ochre  and  Oxide 

Company,  Wick,  Bristol 

716  Smith,  David  Curle,  Little   Sylvester   Street,  Coolgardie, 

Western  Australia     ... 
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717  Smith,  Eustace,  Newcastle-upon-Tyne  A.M.  Juiie  11,  1887 

M.  -Aug.     3,  1889 
718*Smith,  R.  Clifford,  Ashford  Hall,  Bakewell  Dec.     5,  1874 

719  Snyder,   Frederick   T.  ,   400,    Monon   Building,   Chicago, 

Illinois,  U.S.A April  8,  1899 

720  SoFwiTH,  A.,  Cannock  Chase  Collieries,  near  Walsall         ...  Aug.    6,  1863 

721  Southern,  E.  O.,  Ashingtou  Colliery,  near  Morpeth  ...        S.  Dec.     5,  1874 

A.M.  Aug.     1,  1885 
M.  June    8,  1889 

722  Southern,  John,  Heworth  Colliery,  Felling,  R.S.O.,  Co.       A.  Dec.    14,  1889 

Durham  M.  April  8,  1899 

723  Southern,  R.  ,  Burleigh  House,  The  Parade,  Tredegarville, 

Cardiff Aug.  3,  1865 

724  SouTHWORTH,  Thomas,  Hindley  Green  Collieries,  near  Wigan  May  2,  1874 

725  Sparkes,  J.  S.,  55,  Richmond  Road,  Cardiff  ..         April  9,1892 

726  Spence,  R.  E.,  Backworth,  R.S.O.,  Northumberland          ...  S.  Nov.  2,  1878 

A.M.  Aug.    2.  1884 
M.  Aug.    4,  1889 

727  Spencer,    Francis   H. ,   Bonanza   Gold   Mining   Company, 

P.O.  Box  149,  Johannesburg,  Transvaal  Dec.    13,  1890 

728  Spencer,  John,  Westgate  Road,  Newcastle-upon-Tyne      ..  Dec.     4,  1869 

729  Spencer,  John  W.,  Newburn,  near  Newcastle-upon-Tyne...  May     4,  1878 

730  Spencer,  T.,  Ryton,  near  Newcastle-upon-Tyne       Dec.     6,1866 

731  Squire,  J.  B.,  Thrale  Hall,  Streatham,  Surrey         June    8,  1895 

732  Stanley,  James,  3,  Chancery  Chambers,  Coolgardie,  West- 

ern Australia Dec.    12,1896 

733  Stansfeld,  Harold   Sinclair,  Jordan  Colliery,   Limited,  A.M.  Oct.    13,  1888 

near  Rotherham         M.Aug.    3,1889 

734  Stanton,  John,  11  and  13,  William  Street,  New  York,  U.S.A.  June    8,  1895 

735  Steavenson,  A.  L. ,   Durham  (Past-President,  Member  oj 

Council)  ...         ...         ...         ...  Dec.     6,  18.55 

736  Steavenson,  C.  H.,  Redheugh  Colliery,  Gateshead-upon-Tyne     S.  April  14,  1883 

A.  Aug.    1,  1891 
M.  Aug.    3,  1895 

737  Stevens,  A.  J.,  Uskside  Iron  Works,  Newport,  Monmouth- 

shire        April    8,1893 

738  Stevens,  James,  9,  Fenchurch  Avenue,  London,  E.G.        ...  Feb.   14,  1885 

739  Stewart,   William,   Tillery   Collieries,  Abertillery,   Mon- 

mouthshire        June    8,  1895 

740  Stobart,F.,  Biddick  Hall,  Fence  Houses  S.Aug.    2,1873 

A.M.  Aug.     5,  1882 
M.  June    8,  1889 

741  Stobakt,  H.  T.,  Wearmouth  Colliery,  Sunderland S.  Oct.     2,  1880 

A.M.  Aug.    4,  1888 
M.  Aug.    3,  1889 

742  Stobart,  W.,  Pepper  Arden,  Northallerton  July  12,  1872 

743  Stobart,  William  Ryder,  Etherley  Lodge,  Darlington    ...  Oct.    11,  1890 

744  Stoiber,  Edward  G A.M.Oct.    12,1895 

M.  Feb.   15,  1896 

745  Stoker,  Arthur  P.,  Birtley,  near  Chester-le-Street  ...        S.  Oct.     6,  1877 

A.M.  Aug.    1,  1885 
M.  Aug.    3,  1889 

746  Stone,  Arthur,  Heath  Villas,  Hindley,  Wigan       June  13,  1896 

747  Straker,  J.  H.,  Howden  Dene,  Corbridge-upon-Tyne        ...  Oct.      3,  1874 

748  Streatfield,  Hugh  S.,  Ryhope,  near  Sunderland A.M.  June    8,  1889 

M.  Aug.    3,  1889 

749  Stuart,  Donald  M.  D.,  Redland,  Bristol      June    8,1895 

750  SuLMAN,    Henry   Livingstone,    60,    Gracechurch    Street, 

London,   E.C Feb.    11,  1899 

751  Swallow,  J.,  Catchgate,  Annfield  Plain,  R.S.O.,  Co.  Dur- 

ham         ...  May     2,  1874 

752  Swallow,    R.    T.,    Simonside  •  House,    Simonside,    South 

Shields. "     Feb.     5,  1863 

753  Swan,  H.  F.,  North  Jesmond,  Newcastle-upon-Tyne  ...  Sept.    2,  1871 
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754  Swan,  J.  G.,  Upsall  HalL  near  Middlesbrough         Sept.    2,  1871 

755  SwiNNEY,  Alfred  John  George,  Lome  Villa,   Kim  Eoad, 

Sidcup.   Kent June  11,  1898 

756  Sttmons,  Francis,  Ulverston,  Lancashire  ...  ..  Feb.    11,  1899 

757  Tate,  Simon,  Trinulou  Grange  Colliery,  Co.  Durham  ...  Sept.  11,  1875 

758  Tatti.ky.  Wiixiam,  Taixpiri  Coal  Mines,  Limited,  Huntly, 

Waikato,  New  Zealand        Aug.     3,1895 

759  Tatim,    Lawrence    W.,    Dolores    Hidalgo,    Guanajiuito,  A.M.  Aug.    7,  1897 

Mexico M.  Dec.    11,  1897 

700  Taylor,   Hugh,  East   Holywell  Office,   Quay,  Newcastle- 

upon  Tyne       Sept.    5,  1856 

761  T.\YLOR,  T.,  Quay,  Newcastle-upon-Tyne         July     2,  1872 

762  Teasd.yee,  Thomas,  Middridge,  ria  Heighington,  R.S.O.  ...  April  9,  1892 

763  Telford,  W.  H.,  HedleyHope  Collieries,  Tow  Law,  R.S.O.,  S.  Oct.      3,  1874 

Co.  Durham A.M.Aug.    6,1881 

M.  June    8,  1889 

764  Tennent,   Robert,   H.M.   Inspector   of   Mines,  Westport, 

New  Zealand Oct.      8,1898 

765  Thackthwaite,  Thomas  Michael       Oct.    10,1896 

766  Thomas,    Arthur,    115,    Trelowarren    Street,    Camborne, 

Cornwall         Aug.     7,  1897 

767  Thoaias,  Ernest  Henky,  Oakhill,  Gadlys,  Aberdare,  South 

Wales Feb.  10,  1900 

768  Thomas,  Iltyd  Edward,  Glanymor,  Swansea  Feb.  10,1900 

769  Thomas,  J.  J.,  Hawthorn  Villa,  Kendal         June  21,  1894 

770  Thomas,  Richard,  Brown's  Duckentield  Collieries,  Minmi, 

NeMcastle.  New  South  Wales         Feb.   11,1899 

771  Thomas.  Trevor  Falconer,  Llandaff  Place,  Cardiff  ...  A.M.  Feb.  12,  1898 

M.  Aug.    6,  1898 

772  Thomlinson,  William,  Seaton  Carew,  R.S.O April  25,  1896 

773  Thompson,  Charles  Lacy,  Farlam  Hall,  Brampton  Junction,  A.M.  Feb.   10,  1883 

Cumberland M.  Aug.    3,  1889 

774  Thompson,   Francis   William,  15,  Wood   Street,  Bolton, 

Lancashire      Jiine     8,  1895 

775  Thompson,  John  G.,  Bank  House,  Collins  Green,  Earlestown  June    8,1895 

776  Thompson,    John    William,    Greenfield     House,     Crook,       A.  June  10,  1893 

R.S.O.,  Co.  Durham M.  Feb.   10,  1900 

777  Thompson,  W.,  58,  New  Broad  Street,  London,  E.C.         ...  Aiig.     4,  1888 

778  Thomson,  John,  Eston  Mines,  by  Middlesbrough    ...         ...  April   7,  1877 

779  Thomson,  Joseph  F. ,  Manvers  Main  Colliery,  Rotherliam  Feb.     6,  1875 

780  Todd,  JohnT.,  Blackwell  Collieries,  Alfreton         ..           ...  S.  Nov.    4,  1876 

A.M.  Aug.     1,  1885 
M.  June    8,  1889 

781  Tonkin,  J.  J.,  Linares,  Proviucia  de  Jaen,  Spain  ...  ...  Oct.   14,  1893 

782  Touzeau,  E.  M.  ,  SO  and  31,  St.  Swithin's  I^ane,  London,  E.C.  Aug.     6,  1892 

783  Treadwell,  G.  A.,  Phoenix,  Arizona,  U.S.A.  Aug.     3,  1895 

784  Trelease,  W.    Henwood,   Pesterena  United  Gold   Mining 

Company,   Limited,  Pestarena,  Vail  Anzasca,  Novara, 

Italy      April   8,  1893 

785  Trevaille- Williams,  T. ,  Johannesburg   Consolidated  In- 

vestment Company,  Limited,  Atkinson's  Buildings,  St. 

George's  Street,  Cape  Town,  South  Africa  ...         ...  Dec.    10,  1898 

786  TcLiP,  Samuel,  Bmiker  Hill,  Fence  Houses June  12,  1897 

787  TuRNBULL,    John    Jajies,    East    Indian    Coal    Company, 

Limited,   Jherria   P.O.,    District    Manbhoom,    Bengal, 

India Feb.  12,  1898 

788*Tyers,    John    E.,    c/o   The  Hyderabad   Deccan  Company,  A.M.  Dec.  10,  1877 

Limited,  Secunderabad,  Deccan,  East  India       M.  Aug.  3,  1889 

789  Tyzack,  David,  Bellingham,  Northumberland          ..           ...             Feb.  14,  1874 

790  Upton,  Prescott,  P.O.  Box  1026,  Johannesburg,  Transvaal  June  12,  1897 

791  V.VRTY,    Thomas,    Skelton    Park    Mines,   Skelton,    R.S.O., 

Cleveland        Feb.  12,  1887 
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792  Vatjghax,   Cedric,   Hodbarrow  Iron  Ore   Mines,    Milloni 

Cumberland     ... 

793  Vaughan,  Johx.  Balaclava  House,  Dowlais,  Glamorganshire 

794  Veasey,  T.  F.,  5,  Coptliall  Buildings,  London,  E.G. 

795  Veasy,    Harvey    C  ,    Burrakur   Coal   Company,    Limited, 

Barakar,  Bengal,  India 

796  Verney,  George,  Doubovais,  Balka  Krivoi,  Russia 

797  Verschoyle,  William  Denham,  Alpha  Gold  Mining  Com- 

pany, Westland,  New  Zealand 

798  Vezin,  Henry  A.,  P.O.  Box  256,  Denver,  Colorado,  U.S.A. 

799  ViTAXOFF,  George  N.,  Sophia,  Bulgaria         

8()0  Vivian,  John,  Vivian's  Boring  and  Exploration  Company, 
Limited,  42,  Lowther  Street,  Whitehaven 

801  Waddle,  Hugh,   Llanmore   Iron    Works,    Llanelly,   South 

Wales 

802  Wadham,  E.,  Millwood,  Dalton-in-Furness 

803  Wales,  H.  T.,  Western  Mail  Chambers,  Cardiff      

804  Walker,  Henry  Blair,  Die  Rietfontein  Colliery,  Springs, 

Johannesburg,  Transvaal    ... 

805  Walker,  James  Howard,  Bank  Chambers,  Wigan 

806  Walker,  J.   S.,  Pagetield  Iron  \^'orks,  Wigan,  Lancashire 

807  Walker,  Sydney  Ferris,  2,  Kensington  Gardens  Square, 

London,  W. 

808  Walker,  Thomas  A.,  Pagefield  Iron  Works,  Wigan,  Lan- 

cashire ... 

809  Walker,  William,  Jun.,  H.M.  Inspector  of  Mines,  Durham 

810  Walker,  William  I'.dward,  Lowther  Street,  Whitehaven 

811  Wall,  Henry,  Rowljottom  Square,  Wallgate,  Wigan 

812  Wallace,  Henry,  Trench  Hall,  Gateshead-upon-Tyne 

813  Wallwork,  Jesse,  Bolton  Road,  Atherton,  Lancashire     ... 

814  Walsh,  G.  Paton,  564,  Heirengracht,  Amsterdam,  Holland 

815  Walton,  J.  Coulthard,  Writhlington  Colliery,  Radstock, 

via  Bath 

816  Walton,  Thomas,  Habergham  Colliery,  Burnley     ... 

817  Ward,  A.  H.,  Sitarampur,  E.I.R.,  Bengal,  India 

818  Ward,  H.  ,  Rodbaston  Hall,  near  Penkridge,  Staff'ord 
819*Ward,  T.  H.,  Giridih,  E.LR.,  Bengal,  India  

820  \\  atkyn-Thomas,  W.,  Workington     

821  Watson,  Edward,  South  Pelaw  Colliery,  Chester-le-Street 

822  Watson,  Thomas,  Trimdon  Colliery,  Trimdon  Grange 

823  Watts,  J.  Whidbourne,  United  Ivy  Gold  Mining  Company, 

Limited,  Barberton,  Transvaal      ...         ...         ...         ...  Dec.    12,  1896 

824  Watts,  Williaji,  Sheffield  Coi'poration  Water  Department, 

Little  Don  Valley  Works,  Engineer's  Office,  Langsett, 

near  Penistone  June  13,  1896 

825  Webster,  Alfred  Edward,  Manton,  Worksop,  Notts     ...  June  12,  1897 

826  Webster,    H.    Ingham,  Mainsforth  Hall,   Ferryhill,   S.O.,  A.M.  April  14,  1883 

Co.  Durham M.  Aug.    3,  1889 

827  Weeks,     J.      G.,     Bedlington,     R.S.O.,    Northumberland 

(President,  J/em&er  o/ CoioiaY) Feb.    4,1865 

828  Weeks,  R.  L.,  Willington,  Co.  Durham         A.M.  June  10,  1882 

M.  Aug.    3,  1889 

829  Wehner,  Frederick  Carl,  5,  Alexandra  Terrace.  Stanley  A.M.  Feb.   13,  1897 

Road,  Wallington.  Surrey M.  June    9,  1900 

830* Weinberg,    Ernest   Adolph,   The   Smelting  Comiiany  of  A.M.  Feb.  12,  1898 

Australia,  Limited,  Daxjto,  New  South  Wales M.  Oct.     8,  1898 

831  Wells,  Joseph  Fleetwood,  Kamloops,  British  Columbia...  Aug.     5,1899 


Date  of  Election 

and  of  Transfer. 

Dec.  10,  1892 

Feb.  12,  1898 

Oct.  12,  1895 

June  21,  1894 

Oct.  8,  1898 

Dec.  11,  1897 

June  21,  1894 

A.M. 

,  April  22,  1882 

M.  Aug.  3,  1889 

March  3,  1877 

1 

Dec.  13,  1890 

Dec.  7,  1867 

Feb.  11,  1893 

Oct.   9,  1897 

Dec.  9,  1899 

Dec.  4,  1869 

June  11,  1898 

June  8,  1895 

Aug.  3,  1889 

Nov.  19,  1881 

June  8,  1895 

Nov.  2,  1872 

Feb.  9,  1895 

Nov.  24,  1894 

S. 

Nov.  7,  1874 

A.M. 

Aug.  6,  1881 

M. 

June  8,  1889 

Aug.  3,  1895 

April  14,  1894 

March  6,  1862 

A.M. 

Aug.  5,  1882 

M. 

Aug.  3,  1889 

A.M. 

Feb.  10,  1883 

M. 

Aug.  3,  1889 

S.' 

Feb.  13,  1892 

M. 

Aug.  4,  1894 

Oct.  11,  1890 

Date  of  Election 
and  of  Transfer. 

June  10,  1893 

June  2,  1866 

Oct.   9,  1897 

s. 

]SJov.  4,  1876 

A.M. 
M. 

Aug.  1,  1885 
Aug.  3,  1889 

June  11,  1898 

S, 

.  March  2,  1867 

M. 

S. 
M. 

Aug.  5,  1871 

July  2,  1872 

,  Aug.  2,  1873 

Feb.  5,  1870 

Dec.  5,  1868 

A.M. 

,  Dec.  12,  1885 

M. 

Aug.  3,  1889 
Feb.  3,  1877 
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832  Wkstken,    C.    K.,   Queen  Anne's  Mansions,  Westminster, 

London,  S  W — 

833  Westmacott,  P.  G.  B.,  Rose  Mount,  Sunninghill,  Berks.  ... 

834  Whalley,  Fkkdekick  Herbert,  Queen  Street,  Auckland, 

New  Zealand  ... 

835  White,  C.  E. ,  Wellington  Terrace,  South  Shields   ... 

836  White,   Frederick   Namer,    H.M.    Inspector  of    Mines, 

9,  Mirador  Crescent,  Swansea 

837  White,  H.,  Walker  Colliery,  Newcastle-upon-Tyne 

838  White,  J.  F.,  15,  Wentworth  Street,  Wakefield     

839  Whitelaw,  John,  31,  Albany  Street,  Edinburgh 

840  WiDDAS,  C,  North  Bitchburn  Colliery,  Howden,  Darlington 

841  WicHT,  Edward  8.,   Taupiri  Coal  Mines,  Limited,    Mine  A.M.  Dec. 

Manager's  Office,  Huntly,  near  Auckland,  New  Zealand 

842  WicHT,  W.  H.,  Cowpen  CoUiery,  Blyth  

843  Wilcox,  Henry,  Miners'  Safety  Explosive  Works,  Stanford- 

le-Hope,  Essex  June    8,  1895 

844  WiLKiNS,  W1LLI.AM  Glyde,  Westinghouse  Building,  Pitts- 

burg, Pennsylvania,  U.S.A.  Dec.   11,1897 

845*WiLKiNSON.  William  Fischer.  Rand  Club.  Johannesburg, 

Transvaal         Oct.    10,  1896 

846  Williams,    Ernest,   c/o  Bewick,   Moreing   and   Companj', 

Hooper     Chambers,      Macdonald     Street,     Kalgoorlie, 

Western  Australia Oct.     10,1891 

847  Williams,  Gardner  F.,  c/o  De  Beers  Consolidated  Mines, 

Limited,  62,  Lombard  Street,  London,  E.C Oct.    12,1895 

848  Williams,  H.  J.  Carnegie      Oct.    12,  1895 

849  Williams,  Luke,  Mount  Reid  Mining  Company,  Limited, 

Mount  Read,  Tasmania        April  10,  1897 

850  Williams,  Richard,  The  Johnsons  Reef  Gold  Mines  Com-  A.M.  June  13,  1896 

pany,  California  Gullej^  Bendigo,  Victoria,  Australia..        M.  Aug.     1,  1896 

851  Williams,  Robert,  .30,  Clements  Lane,   Lombard  Street, 

London,  E.C June  13,  1896 

852  Williams,    Samuel   Herbert,    Newfoundland    Iron    Ore 

Company,    Workington,    Lower    Island    Cove,    New- 
foundland          July  14,  1896 

853  Wilson,  Archibald   Laurence,   The   New    Ravenswood,  A.M.  June  12,  1897 

Limited,  Ravenswood,  Queensland,  Australia M,  April   2,  1898 

854  Wilson,   Arthur   P.,    Mansion   House   Chambers,   Queen  A.M.  Aug.    3,1889 

Victoria  Street,  London,  E.C M.  June  10,  1899 

855  Wilson,  J.  B.,  The  Rowans,  Ashley  Road,  Epsom Nov.     5,  1852 

856  Wilson,   Joseph  R.,  138,  East  Washington  Lane,  German- 

town,  Philadelphia,  Pennsylvania,  U.S. A 

857  Wilson,  Lloyd,  Flimby  Colliery,  Maryport 

858  Wilson,  P.  O 

859  Wilson,  W.  B.,  Hawthorn  Rectory,  Sunderland     

860  WiLSON-MooRE,  Aubrey  Percy,  c/o  Sheba  Queen  Gold  and 

Exploration,  Limited,  ;^3,  Old  Broad  Street,  London, E.C. 

861  Wilson -Moore,  Cuninghame,  Steynsdorp,  Transvaal 

862  Winchell,  Horace  V.,  Butte,  Montana,  U.S. A 

863  WiNSTANLEY,  RoBERT,  42,  Dcansgate,  Manchester  ... 

864  Wood,  C.  L. ,  Freeland,  Forgandenny,  Perthshire    ... 

865  Wood,  Ernest  Seymour,  c/o  The  Bengal  Coal  Company, 

Limited,  5  Fairlie  Place,  Calcutta,  India 

866  Wood,  John,  Coxhoe  Hall,  Coxhoe,  R.S.O.,  Co.  Durham  ... 

867*WooD,  Sir  Lindsay,  Bart.,  The  Hermitage,  Chester-le-Street 

(PAST-'PKKiiiDKST,  Member  of  Coinril)      Oct.      1,1857 
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19, 

1895 
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9, 

1893 

s. 

Feb. 
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1869 

M. 

Aug. 
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1873 

Oct. 

U, 

1899 

Feb. 

10, 

1900 

Nov. 

24, 

1894 

Sept. 

7, 

1878 

Aug. 

3, 

1854 

Oct. 

10, 

1891 

S. 

June 
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1889 

A. 

Aug. 

4, 

1894 

M. 

Aug. 

3, 

1895 
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868  Wood,  Robert  Arxa,  c/o  Harrison,  Barber  and  Company, 

Limited,  18,  Queen  Victoria  Street,  London,  E.G.        ...  April  10,  1897 

869  Wood,  Thomas,  North    Hetton  Colliery  Office,  Moorsley,        S.  Sept.    3,  1870 

Hetton-le-Hole,  R.S.O  ,  Co.  Durham       M.  Aug.    5,  1871 

870  Wood,  W.  H.,  Coxhoe  Hall,  Coxhoe,  R.S.O..  Co.  Durham...  Aug.     6,  1857 

871  Wood,  W.  0.,  South  Hetton,  Sunderland  (Vice-President, 

Member  of  CouhcU)    ...         ...         ...         ...         ...         ...  Sov.    7,  1863 

872  WooDBURXE,  T.  .J.,  De  Beers  Consolidated  Mining  Company, 

Limited,  Kimberley,  South  Africa  ...         ...         ..  Feb.   10,  1894 

873  WooLCOCK,  J.  H.,  49,  Lowther  Street,  Whitehaven  ...  June  10,  1893 

874  WoRMAUD,  C.  F.,  Mayfield  Villa,  Saltwell,  Gateshead-upon-  A.M.  Dec.     S.  1883 

Tyne M.  Aug.    3,  1889 

875  WoRSDELL,    Wilson,    North    Eastern   Railway   Company, 

Gateshead-upon-Tyne  "       Oct.    14,  1899 

876  Wright,  Sidney  Bristow,  Canadian  Goldfields,   Limited, 

Deloro,  Hastings  County,  Ontario,  Canada         ...         ...  April 28,  1900 

877  Wrightson,  Sir  Thomas,  Bart.,  Stockton-upon-Tees         ...  Sept.  13,  1873 

878  Wynne,    T.    Trafford,    c/o    W.    Watkyn    Wynne,  c/o  T. 

Sherratt  and  Nelson,  Solicitors,  Kidsgrove,  Staffordshire  Oct.    12,  1895 

879  Young,  Henry  William,  Greymouth,  New  Zealand         ...  Dec.    12,  1896 

880  YocNG,   James,   4,   Granville   Road,   Jesmond,  Newcastle- 

upon-Tyne       Oct.      9,  1897 

881  YorxG,    .John   A.,   3,   Fountain   Avenue,    Gateshead-upon-  A.M.  Dec.   10,  1887 

Tyne      M.Aug.    3,1889 

882  Young,  John  Huntley,  Wearmouth  Colliery,  Sunderland  June  21,  1894 

883  ZuMEULOGLON,  G.  C,  Mahmoudie-Han,  Stamboul,  Turkey        S.  Feb.    14,  1891 

A.  Aug.     4,  1894 
M.  Aug.     3,  1895 


ASSOCIATE  MEMBERS. 

Marked  *  liave  paid  life  composition. 

Date  ot  Election 
and  of  Transfer. 

1  Ahier,    Philippe  Davidson,   3,   Alder    Street,  Seaforth, 

Liverpool         Oct.    14,  1899 

2  AiNSwoRTH,  H.  S.,  "Belvedere,"  Marine  Terrace,  Geraldton, 

Western  Australia Feb.    15,1896 

3  Archibald,  John  Wilson,  Coolgardie,  Western  Australia  Feb.    15,  1896 

4  Armstrong,  J.  H.,  St.  Nicholas'  Chambers,  Newcastle-upon- 

Tyne     ^         Aug.      1,  1885 

5  Armstrong,  T.  J. ,  Hawthorn  Terrace,  Newcastle-upon-Tyne  Feb.    10,  1883 

6  Atkinson,  G.  B.,  Prudential  Assurance  Buildings,  Mosley 

Street,  Newcastle-upon-Tyne  ...         ...         ...         ...  Nov.     5,1892 

7  Baker,  Max,  Effingham  House,  Arundel  Street,  Strand,  Lon- 

don, W.C April    2,  1898 

8  Banks,  Charles  John,   Westwood,   Washington,   R.S.O., 

Co.  Durham Feb.   12,  1898 

9  Barrett,  William  Scott,  Abbotsgate,  Huyton,  Liverpool  Oct     14,  1899 
10*Bell,  Hugh,  Middlesbrough-upon-Tees          Dec.      9,  1882 

11  BiGGE,  Edward  Ellison,  General  Mining  Association,  Dash- 

wood  House,  9,  New  Broad  Street,  London,  E.C. 
Tran^sactions,  etc.,  sent  to  R.  H.  Brown,  Sydney  Mines. 
Cape  Breton.  Nova  Scotia Aug.     1,1891 

12  Blow,  A.  A.,  The  Sheba  Gold  Mining  Company,  Limited, 

Eureka  City,  Barberton,  South  African  Republic  . . .  Dec.    10,  1898 

13  Blue,  Archibald,  Bureau  of  Mines,  Toronto,  Ontario,  Canada  Feb.    10,1894 

14  Boyle,  A.  R.,  Melbourne  and  Metropolitan  Board  of  Works, 

"  Rialto,"  501,  Collins  Street,  Melbourne,  Australia  ...  Dec.    10,  1898 

15  Broadbent,  Denis  Ripley,  26,  Great  Russell  Street,  Russell 

Square,  London,  W.C Oct,    14,  1899 
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16  BiRDON,  A.  E.,  Hartford,  Bedlington,  R.S.O.,  Nortliumber- 

laiul 

17  Blrx,  Charles  Willhii,  1.8,  Fawoett  Street,  Sunderland 

IS  CArELL,  Rev.  G.  M.,  Passenham  Rectory,  Stonj'  Stratford 
19*Carr,   William  Cochran,  91,  Jesmond  Road,  Newcastle- 
upon-Tyne 

20  Ch>ffey,  John   Robert,  338,  Collins   Street,  Melbourne, 

Australia 

21  Chapi-in,  Georoe  P.,  Mina  Grande  Mining  Company,  Pinal 

de  Amoles,  Estado  Queretaro,  Mexico 
22*Che\\  iSGs,  Dr.  Charles,  Albany-,  Western  Australia 

23  Cleland,  E.  Davenport,  Baj-lej'  Street,  Coolgardie,  Western 

Aiistralia 

24  CocnRANE,  Ralph  D.,  Hetton  Colliery  Offices,  Fence  Houses 

25  CoCKBrRN,  W.  C,  9,  Alexandra  Place,  Newcastle-upon-Tyne 

26  CoLLOPY,  Lieut.  Charles  J.,C  Squadron,  Bethune's  Mounted 

Infantry,  Tugela  Ferry.  Natal,  South  Africa      

27  Cooper,  R.  W.,  Newcastle-upon-Tyne  ... 

28  Cory,   Clifford    J.,   c/o    Corj'    Brothers    and    Company, 

Limited,  Cardiff         ...         

29  Crosby,  A 

30  Davidson,  Louis,  8,  Burdon  Terrace,  Newcastle-upon-Tyne 

31  Duncan,  G.  T.,  96,  Brighton  Grove,  Newcastle-upon-Tjue 

32  EccLES,  Edward,  King  Street,  Newcastle-upon-Tyne 

33  Edwards,  F.  H.,  Forth  House,  Bewick  Street,  Newcastle- 

upon-Tyne       ...         ...         ...         ... 

34  Ellam,  Albert  Spencer,  c/o  Shanghai  Race  Club,  Shanghai, 

China    ... 

35  Elliot,  Sir  George,  Bart.,  16,  Great  George  Street,  West- 

minster, London,  S.W.  

36  Fairless,  Joseph,  Mineral  Traffic  Manager,  North  Eastern 

Railway  Company,  Newcastle-upon-Tyne 

37  Ferguson,  C.  A.,  41,  Lovaine  Place,  Newcastle-upon-Tyne 

38  Foster,    T.    J.,    Coal    Exchange,    Scranton,    Pennsj^lvania, 

U.S.A 

39  Gibson,   James,    c/o    W.    T.    Sampson,   Beaufort    Street, 

Grahamstown,  Cape  Colony 

40  Gilbert,   William  J.,  Monarch  Gold  Mining   Company, 

Gullewa.  via  Yalgoo,  Murchison,  Western  Australia  ... 
41*Graham,  John,  Findon  Cottage,  Sacristou,  Durham 

42  Gregson,  Jesse,  Australian  Agricultural  Company,  New- 

castle, New  South  Wales     

43  Griffin',  Noel,  Geelong  Gold  Mines,  Gwanda,  Matabeleland, 

South  Africa   ... 

44  GuE.  T.  R.,  P.O.  Box  520,  Halifax,  Nova  Scotia       

45  Gummerson,  James  M.  ,   29,   Luther  Strasse,  Berlin,    W., 

Germany 

46  Guthrie,   Reginald,   Neville   Hall,    Newcastle-upon-Tyne 

(Tk^auvsler,  Member  of  Council) 

47  Hailes,   Alfred   G.,   Sejooah   Colliery,    Katras,    District 

Manbhoom,  Bengal,  India   ... 

48  Hamilton,    William,    Jun.,    c,o    The    William    Hamilton 

Manufacturing     Company,      Limited,      Peterborough, 
Ontario,  Canada, 

49  Harris,  William  Pollard,  The  Yellow  Astor  Gold  Mine, 

Touranna,  near  Roeburne,  Western  Australia    ... 

50  Hedley,  J.  Hunt,  John  Street,  Sunderland  ... 

51  Heeley,  George,  61,  Kyle  Park,  Uddingston,  near  Glasgow 

52  Henderson,  C.  W.  C.,  The  Riding,  Hexham  


Date  of  Election 
and  of  Transfer. 

Feb.    10, 
June  11, 

1883 
1898 

Oct.      8, 

1892 

Oct.     11, 

1890 

April    2, 

S.  Feb.    15. 

A.M.Oct.       9, 

April  25, 

1898 
1896 
1897 
1896 

June  13, 
June     1 , 
Oct.      8, 

1896 

1878 
1887 

Dec.    10, 
Sept.    4, 

1898 
1880 

Dec.   11, 

Aug.    7, 

1897 

1897 

Oct.    14, 
Aug.     5, 

1899 
1893 

Oct.    13, 

1894 

June  11, 

1887 

April  25, 

1896 

April  2, 

1898 

June  10, 
July    14, 

1899 
1896 

Dec.    12, 

1891 

Dec.  9 

Dec.  10 

Oct.  9 

Aug.  6 

Feb.  13 

Feb.  15 

June  10 

Aug.  4 


Aug.    5, 


Dec.  10 

Dec.  11 

June  13 

Dec.  14 

Dec.  9 


1899 

1898 
1897 

1898 

1897 
1896 

1899 

1888 

1899 

1898 

1897 
1891 
1895 

1882 
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and  of  Transfer. 

53  Henzell,  Robert,  Prudential  Buildiugs,  Mo-sley  Street,  New- 

castle-upon-Tyne       ...          ...         ...         ...         ...          ...  April  11,  1891 

54  Hill,  Albert  J.,  New  Westminster,  British  Columbia     ...  Dec.    10,  1898 

55  HoDGETT.s,  Arthur,  c/o  A.  H.  Thornton,  82,  Station  Road, 

Handsworth,  Birmingham  ...         ...                     ...         .  .  Oct.      9,  1897 

56  Hodgson,  Albert,  Santa  Francisca  Gold  Mines,  Limited, 

Leon,  Nicaragua,  Central  America            Feb.    13,1897 

57  Holland,  Willi.vmson,  30,  Orchard  Terrace,  Rochdale  Road, 

Heywood,  Lancashire            ...         ...         ...         ...         ...  Feb.    13,  1897 

58  HoLLiD.\Y,  Henry,  Consett  Iron  Company,  Limited,  Black- 

hill,  Co.  Durham        Feb.    12,1898 

59  Hopper,  .J.  I.,  Wire  Rope  Works,  Thornaby-upon-Tees      ...  Dec.      8,  1888 

60  Humphrevs-Davies,  G.  .  8,  Laurence  Pountney  Hill,  Cannon 

Street.  London.  E.C Oct.      8,1892 

61  Hunter,  C.  E.,  Selaby  Park,  Darlmgton       April 27,  1895 

62  Innes,  Thomas  Snowball,  Crown   Chambers,  Side,  New- 

castle-upon-Tyne          Dec.  10,  1898 

63  James,  Henry  M.,  Colliery  Office,  Whitehaven        June  10,  1893 

64  Jeans,  J.  Stephen,  165,  Strand,  London,  W.C April   2,  1898 

65  Jeffrey,  Joseph  Andrew,  c/o  The  Jeffrey  Manufacturing 

Company,  Columbus,  Ohio,  U.S.A.           Dec.    11,  1897 

66  Jeffries,    Joshua,   Greta   Collieries,    Greta,   New    South 

Wales Dec.   10,  1898 

67  JoBSON,  Edward,  5,  Bath  Terrace,  Tynemouth        Oct.      9,  1897 

68*JoiCEY,  James  JoHN,Heathfield, Sydenham  Hill,London,S.E.  Oct.     10,  1891 

69  Kalb,  Courtenay  De,  School  of  Mining,  Kingston,  Ontario, 

Canada •    ...  Oct.      8,  1898 

70  KiDSON,  Arthur,  Argyle  House,  Sunderland April   8,1899 

71  KiRKBY,    William,   c/o   H.    C.    Embleton,   Central    Bank 

Chambers,  Leeds        April    2,  1898 

72  KiRKUP,  Frederic  0.,  Langley  Park,  Durham         S.  April    9,1892 

A.M.  April  25,  1896 

73  Krohn,  H.  a.,  103,  Caimon  Street,  London,   E.C Oct.     14,  1893 

74  Lamb,  Edmund  George,  Borden  Wood,  Liphook,  Hants.  ...  Feb.    12,  1898 

75  Larsen,  a..  128,  Cambridge  Street,  London,  S.W April  27,  1895 

76  Lawrance,  David  H.  ,  British  Columbia  Chamber  of  Mines, 

P.O.   Box  325,  Vancouver,  British  Columbia      Feb.    12,1898 

77  Loevy,  J.,  P.O.  Box  778,  Johannesburg,  Transvaal June  13,  1896 

78  LuMSDEN,  John   Alder         Dec.    11,  1897 

79  ^Lacdon.ald,  Colin  Ochiltree,   Gowrie  and  Black  House 

Collieries,   Limited,   Port  Morien,  Cape  Breton,  Nova 

Scotia,  Canada            June  10,  1899 

80  Mar,siiall,  p..  College  and  Grammar  School,  Auckland,  New 

Zealand            June   12,  1897 

81  Meiklejohn,  J.,  Oriental  Hotel,  Water  Street,  Vancou\er, 

British  Columbia        Aug.     6,  1898 

82  Minard,    Frederick    Horace,   409,   Equitable    Buildmg, 

Denver,  Colorado,  U.S.A Dec.    11,  1887 

83  Newbery,  Frederick,  230,  Camden  Road,  London,  N.W....  April    2,1898 

84  Palmer,  A.  M.,  1,  Jesmond  High  Terrace,  Newcastle-upon- 

Tyne.       Transact  ions  sent  to  the  Anglo-American  Club, 

Freiburg,  Saxony,  Germany           ...         ...         ...         ...  Nov.  24,  1894 

85  Perkins,  Charles,  Middleton  Hall,  Belford,  Northumber- 

land         Aug.      6,  1892 

86*Pickup,  P.  W.  D.  ,  Rishton  Colliery,  Rishton,  near  Blackburn  Feb.    12,  1 898 

87  Pringle,  John,  c/o  Russo-Chinese  Bank,  Newchwang,  China  Feb.    13,1897 
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88*Proi'Tok,  John  H.,  22,  Hawthorn  Terrace,  Newcastle-iipou- 
Tyue      

89  RiCHTKK,  F. ,  Osborne  Villas,  Newcastle-upon-Tyne... 

90  RiDLKY,  J.  Cartmell,  1,  Bentinck  Terrace,  Newcastle-upon- 

Tyne       

91  Ridley,  Sir  Matthew  W. ,  Bart.,  Blagdon,  Northumberland 

92  RiTSON,  J.  Ridley,  Burnhope  Colliery,  Lanchcster  ... 

93  Roberts,  William  Mukkay,  P.O.  Box  413,  Johannesburg, 

Transvaal 

94  RoiiiNsoN,  John"  Walton,  6,  Gladstone  Terrace,  Gateshead- 

upon-Tyne 

95  Robinson,  Walter  Francis,  Greyn.outh,  New  Zealand   ... 
95  RoBSON,  Henry  Naunton,  Walkeringhani,  Gainsborough... 

97  Roi;er.son,  John  E.,  Oswald  House,  Durham  

98  Rosen,  John,  P.O.  Box  1647,  Johannesburg,  Transvaal     ... 

99  Saunders,  G.  B.  ,  Saunders,  Todd  and  Company,  Maritime 

Buildings,  King  Street,  Newcastle-upon-T3'ne   ... 

100  Scott,   John  Henry,    1157,  Burnaby   Street,  Vancouver, 

British  Columbia        ...         

101  Scott,  John  Oliver,  The  Glebe,  Riding  Mill-upon-Tyne  ... 

102  Searij:,    John    Thomas     Luxton,     The     Cottage,    Eden, 

Minster,  Thanet 

103  Shaw,  Saville,  Durham  College  of  Science,  Newcastle-upon- 

Tyne     

104  Sherlaw,  James  Linn,  17,  Ellerker  Gardens,  Richmond, 

Surrey... 

105  Sjogren,  Hj.,  Osmo.-Nynas,  Sweden 

106  Smith,  C.   A.,  23,  Rectory  Terrace,  Gosforth,   Newcastle- 

upon-Tyne       ...         

107  Snowball,   Francis  John,   Seaton   Burn   House,   Dudley, 

Northumberland 

108  Steuart,  Douglas  Stuart-Spens,  c/o  A.   0.  Chudleigh,  54, 

Old  Broad  Street,  London,  E.C 

109  Stewart,  Samuel,  16,  Great  George  Street,  Westminster, 

London,  S.  W. ;  and  Parkhurst,  Park  Road,  Walliugton, 
Surrey  ...         

110  Stokes,  H.  G.,  Silver  Spur  Silver  Mines,  Texas,  via  Stan- 

thorpe,  Queensland,  Australia        

HI  Stowell,  William,  3,  Akenside  Hill,  Newcastle-upon-Tyne 

112  Strange, Harold  Fairbrother,  Johannesburg  Consolidated 

Investment  Company,  Limited,  P.O.  Box  590,  Johannes- 
burg, Transvaal 

113  Swinburne,    U.    P.,    c/o   R.    Chamberlain,    39,    Cadogan 

Square,  London,  S.W.  

114  Tattley,  Ernest  William,  Taupiri  Extended  Coal  Mining 

Company,   Limited,   Mine  Manager's  Office,   Waikato, 
Auckland,  New  Zealand      

115  Thus,  Erling  Einar,  Prindsens  Gd.   No.   4,  Christiania, 

Norway 

116  Thompson,  Oswald,  Hendon  Lodge,  Sunderland      

117  Todd,  James,  West  View  House,  Durham      

118  Tunnington,  Albert,  Mawsons  Reward  Company,  Dundas, 

Western  Australia     ...         ...         .,,         

119  Turner,  Basil  William,  40,   Collins   Street,   Annandale, 

Sydney,  New  South  Wales 

120  Turner,   Charles  Edward,  The  Grange,  Paradise  Row, 

Stoke  Newington,  London,  N. 

121  Wall,  G.  Young,  Halmote  Court  Office,  New  Exchequer 

Building,  Durham     ..  


Date  of  Election 
and  of  Transfer. 

June  S,  1889 

Oct.  10,  1891 

Feb.  11,  1893 

Feb.  10,  1883 

S.  April  11,  1891 

.M.  Aug.  3,  1895 

Oct.   9,  1897 

Dec.  12,  1896 
April  2,  1898 
Dec.  12,  lS9ii 
June  8,  1895 
Dec.  10,  1898 


Jan.  19,  1895 

Aug,  5,  1899 
Dec.  11,  1897 

Feb,  11,  1899 

April  13,  1889 

Aug,   1,  1896 
April  25,  1896 

Dec.   8,  1894 

Dec.  12,  1891 

June  10,  1899 

Feb.  12,  1898 

Dec.  11,  1897 
June  11,  1898 

Dec,  11,  1897 
Aug,  4,  1894 


June  12,  1897 

Aug,  6,  1898 
June  10,  1899 
Aug.   6,  1892 

Oct.   9,  1897 

Feb,  13,  1897 

Aug.  6,  1898 

Nov,  24,  1894 


LIST   OF    MEMBERS. 
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122  Wai.mesley,  Oswald,   2,  Stone  Buildings,  Lincoln's  Inn, 

London,  W.C 

123  Warrex,  Henry  B.,  Vancouver,  British  Columbia 

124  Watson,  Arthur,  Moor  House,  Whalton,  Northumberland 

125  Weatherburn,    John,    Meynell    House,    Rowlands    Gill, 

Newcastle-ajion-Tyne 

126  Wesley,   W.    H.,    Sen.,   The  Anchor  Tin  Mine,   Limited, 

Lottah,  Tasmania 

127  Whitehead,  Thomas,  Brindle  Lodge,  near  Preston,  Lanca- 

shire 

128  WILLLA.MS,  Thomas  J.,Moyston,  Victoria,  Australia 

129  Wir^soN,  Anthony,  Thornth%\aite,  Keswick,  Cumberland  ... 
130*WooD,  Arthur  Nicholas  Lindsay,  The  Hermitage,  Chester- 

le-Street 

131  Wrightson,    Wilfrid    Ingram,     Cramlington     Colliery, 

Northumberland         ...         ...         .... 

132  Yates,  Frederick  Blakeley,  2,  Mount  Street,  Manchester 


Date  of  Eleotion 
and  of  Transfer. 

June  8,  1895 
June  12,  1897 
Oct.     13,  1894 

Oct.     13,  1894 

Dec.    11,  1897 

June  12,  1897 
April  2,  1898 
Feb.    10,  1900 

July   14,  1896 

Dec.    9,  1899 

.June    11,  1898 


ASSOCIATES. 

1  Allport,  E.  a.,  89,  Dodworth  Road,    Parnsley,  Yorkshire 

2  Archer,  M.  W.,  High  Priestfield,  Lintz  Green,  Co.  Durham 


3  Barker,  John  Dunn,  -John  Street,  Meadowfield,  Durham... 

4  B.arrass,    M.,    Hedley    Hill    Colliery,    Waterhouses,    Co. 

Purham 

5  Battey,  Thomas,  Percy  Terrace,  Backworth  Colliery 

6  Beckett,  James,  57,  Pine  Street,  Teams,  Gateshead-upon- 

Tyne  

7  Bell,  John,  Wardley  Colliery,  iSewcastle-upon-Tyne 

8  Bell,  Thomas,  White   Lea   Colliery,    Crook,    K.S.O.,   Co. 

Durham 

9  Bell,  W.  Ralph,  Wearmouth  Colliery,  Sunderland 

10  Berry,  Thomas,  1,  Middleton,  Swalwell.  R.S.O 

11  Bewick,  George,  Dudley  CoUierj^,  Northumberland 

12  Booth,  F.  L.,  Ashington  Colliery,  Morpeth 

13  Bowes,  Thomas,  Pontop  House,  Annfield  Plain,  R.S.O. 

14  Bowman,  Frank,  Trimdon  Grange  Colliery,  Co.  Durham 

15  Brown,  Rqbert  0.,  Throckley  Colliery,   near   Newcastle- 

upon-Tyne 

16  Calland,  Robert,  East  Hedley  Hope  Collierj^  Tow  Law, 

R.S.O.,  Co.  Durham 

17  Carroll,    John,    Newfield   House,  Newfield,    Williugton, 

Co.  Durham     ... 

18  Cl.\rk,  Thomas,  Diptou  Colliery,  Lintz  Green  Station 

19  Clifford,  E.  Herbert 

20  Clough,  John,  1,  Melton  Terrace,  Seaton  Delaval  Colliery, 

R..S.O.,  Northimiberland 

21  CocKBrRN,    Edmund,  High    Street,  Boosbeck,   Skelton-in- 

Cleveland,  Yorkshire  ...         

22  CocKBURN,  Evan,  Page  Bank  Colliery,  via  Spemiymoor,  Co. 

Durham 

23  Corbett,  Vincent,  2,  Grey  Terrace,  Ryhope,  ina  Sunderland 

24  Cowx,   H.   F.,  Thornley  Collieries,  via   Trimdon   Grange, 

R.S.0 °..: 

25  Crown,  William,  39,  Fifth  Row,  Ashington,  Morpeth     ... 


Date  of  Election 
and  of  Transfer. 
S.  April  14,  1894 
A.  Aug.  4,  1900 
S.  June  8,  1895 
A.  Aug.    4,  1900 

Aug.   5,  1899 

S.  Feb.     9,  1884 

A.  Aug.     1,  1891 

Oct.    13,  1894 


Oct. 
Feb. 

Aug. 

Oct. 

Nov. 

April 
S.  Feb. 
A.  Aug. 

Feb. 

June 
S.  Oct. 
A.  Aug. 


8,  1898 
8,  1890 

6,  1898 

13,  1894 

5, 1892 

10,  1897 

10,  1894 

4,  1900 

13,  1892 

8,  1895 

8,  1892 

3,  1895 


June  11,  1898 

Feb.  12,  1898 

Oct.  11,  1890 

S.  Oct.  13,  1894 

A.  Aug.  6,  1898 

Feb.    13,  1897 

Dec.    11,  1897 

Aug.     5,  1893 
June  11,  1898 

April  14,  1894 
April  14,  ISH 
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LIST   OF    ^[EMBEES. 


26  Dakers,  John,  32,  South  Street,  Brandon  Colliery,  Durham 

27  Danskin,   Thomas,   Springwell    Colliery,  Gateshead-upon- 

Tyne      

28  Davis,    James    E.,    South    Medomsley    Colliery,    Dipton, 

R.S.O.,  Co.  Durham  ...         

29  Davison,  Francis,  37,  Hedley  Hill  Terrace,  Waterhouses, 

Co.  Durham    ... 

30  Davison,    Mathew,    Hedley   Hill    Colliery,    Waterhouses, 

Co.  Durham    ... 

31  Daykin,   George,    116,    High  Gurney   Villa,  near  Bishop 

Auckland 

32  Denton,     John.      Montgomery      Chambers,      Hartshead, 

Shertield  

33  DiTMAs,  Fkancis  Ivan  Leslie,  Ferryhill,  Co.  Durham 

34  DoRMANi),  R.  B.,  Waldridge  Colliery,  Chcster-le-Street     ... 

35  Draper,  \Viu.ia:m,  Xew  .Seaham  Colliery,  Sunderland 

36  DuNNETT,   Samuel,   20,  Hambledon  Street,  Blyth,  North- 

umberland 

37  Eltringham,  G.,  Eltrrngham  Colliery,  Prudhoe-upon-Tyue, 

R.8.0 

3S  Elves,  Edward,  Middridge  Colliery,  Heighington,  R.S.O. , 
Co.  Durham     ... 

39  EftTMERSON,  George,  Brandon  Colliery,  near  Durham 

40  Falcon,    Michael,    33,    Bute    Street,     Treorchy,    South 

Wales  

41  Fawcett,  Edward,  Middle  Street,  Walker-upon-Tyne 

42  Fewster,  John,  4,  Belgrave  Terrace,  Felling,  R.S.O.,  Co. 

Durham  ...         ...         ... 

43  Finney,  Joseph,  Elswick  Collieries,  Xewcastle-upon-Tyne 

44  Gordon,  George  Stoker,  Louisa  Terrace,  West  Stanley  ... 

45  Hampson,     Alexander,     St.     Helen's     Colliery,     Bishop 

Auckland 

46  Handy.sjde,  William,  Jun.,  4,  Brandling  Terrace,  Felling- 

upon-Tyne 

47  Hare,  George,  Seghill  Colliery,  Northumberland 

48  Harle,  R.  a.,  Wallsend  Colliery,  Wallsend-upon-Tyne     ... 

49  Hedley,  A.  M.,  Medomsley,  R.S.O. ,  Co.  Durham  ... 

50  Hender.>jon,  Williasi,  W^heatley  Hill  Colliery,  ina  Trimdon 

Grange ... 

51  Herron,  Edward,  Holly  Terrace,  Stanley,  R.S.O 

52  Heslop,  William,  Hunwick.  Willington,  Co.  Durham 

53  Hindmarch,  John,  Isabella  Pit,  Newsham,  Bljiih    ... 

54  HoBSON,  Moses,  Shiklon,  ria  Darlington 

55  Hornsby,    Demster,    Herrington    Pit,    New    Herrington, 

Fence  Houses... 

56  Howe,  James,  Jun.,   East    Cross    Street,   Langley   Park, 

Durham 

57  Hughes,  James  Nicholson,  Hedley  Hill  Colliery,  Water- 

houses,  Co.  Durham  ... 

58  Hunter.  A.,  193,  Stephenson  Street,  South  Shields 

59  Hunter,    Christopher,    Cowpen    Colliery    Office,    Blyth, 

Northumberland 

(]i)  James,  Ale.xander  A.,  Croxdale,  near  Durham 

61  Johnson,  James,  4,  Oswald  Terrace,   Castletown,  Sunder- 

land      ...  ...         ...         ...         

62  Johnson,  William.  Framwellgate  Moor,  Durham    ... 

63  Kearton,    Christopher,  Rose  Cottage,  Keekle,  Hensing- 

ham,  Cumberland      


Date  of  Election 
and  of  Transfer. 
Aug.     5,  1899 

Dec.  10,  1898 

Feb.  12,  1898 

Feb  12,  1898 

Feb.  12,  1898 

July  14,  1896 
S.  June  21,  1894 
A.  Aug.  4,  1900 
June  11,  1898 
Dec.  9,  1^93 
Dec.  14,  1889 

June  8, 1895 

Dec.  8,  1894 

June  13,  1896 
Oct.   8,  1898 

S.  Oct.  13,  1894 

A.  Aug.  4,  1900 

June  11,  1892 

Feb.  13,  1897 
Aug.  6,  1898 

Feb.  15,  1896 

Feb.  12,  1898 

June  12,  1897 
Feb.  12,  1898 
April  14,  1894 
Nov.  24,  18114 

Aug.  5,  1893 
Feb.  15,  1896 
Oct.  8,  1898 
Aug.  3,  1895 
Aug.  5,  1S93 

Feb.  12,  1898 

Feb.  11,  1899 

Feb.  12,  1898 
Feb.  13,  1897 

Dec.  10,  1892 

June  10,  1893 

Aug.  6,  1898 
Aug.  6,  1892 


Aug.  5,  1899 


LIST   OF   MEMBERS. 
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64  Kellett,  Robert,  Copley  Lane,  Butterknowle,  R.S.O.,  Co. 

Durham  ...         ...         ...         ...  

65  King,  Fred..  1,  Shankhouse  Row,  Shankhouse,  near  Cram- 

lington,  Northumberland    ... 

66  Lightley,    John,    Front   Street,   Sherburn  Colliery,    Dur- 

ham 

67  LiKDAY,  Robert,  3,  Sebastopol  Terrace,  Seaham  Harbour 

68  LiSHMAN,  T.  A.,  Harton  Colliery,  Tyne  Dock,  South  Shields 

69  MacKixlay,  Edward,  20,  Fourth  Street,  Heworth  Village, 

Felling,  R.S.O.,  Co.  Durham  

70  Mandersok,  John  Tom,  c  o  Mrs.  T.  E.  Hall,  Dene  Crescent, 

Walker-upon-Tyne    ... 

71  Marr,    James     Heppell,     Ravensworth     Colliery,     near 

Lamesley,  Co.  Durham 

72  Marshall,  Johx,  124,  Manchester  Road,  E.,  Little  Hulton, 

near  Bolton,  Lancashire 
7.3  Mason,     Benjamin,     Burnopfield     Colliery,     Biiruopfield, 
R.S.O.,  Co.  Durham 

74  MiLBURN,  William,  Birtley  White  House,  near  Chester-le- 

Street    ...         ...         

75  Miller,  .T.  H.  ,  South  Hetton,  Sunderland 

76  MiNTO,  <_tEOR<;e  William,  Perkins  Ville,  Chester-le- Street 

77  MoRLAND,    Thomas,    24,    Langley    Street,    Langley    Park, 

Durham 

78  Naisbit,  John,  No.  48,  Tudhoe  Colliery,  Spennymoor 

79  Owen,    William    Rowland,    32,    Duke    Street,    Millom, 

Cumberland    ... 

80  Parkinson,  W.  ,  6, 1%'y  Terrace,  South  Moor,  Chester-le-Street 

81  Pedelty.  Simon,  Littletown  Colliery,  Durham 

82  Peel,  J.  W.,  Orchard  House,  Escombe.  Bishop  Auckland  ... 

83  Pr.\tt,  G.  Ross,  Springwell  Collierj',  Gateshead-upon-TjTie 

84  Proctor,  Thomas,  Woodhorn  Colliery,  Morpeth      

85  Ramsay,  John,  Tursdale  Colliery,  Ferryhill 

86  Ramsay.  J.  G. ,  Page  Bank  Colliery,  via  Spennymoor,  Co. 

Durham 

87  Raw.  John,  Hunwick,  Willington,  Co.  Durham        

88  Ridley,  George  D.,  Tudhoe  Colliery,  Spennymoor 

89  Rivers,  .John,  Bow  Street,  Thornley  Colliery,  Durham     .. 

90  RoBSON,    William,   Jun.,   Byers   Green   Collieries,   Bishop 

Auckland         ...         ...  ..         

91  Rochester,  William,  Jun.,  Emma  Colliery,  Ryton-upon- 

Tyne      " 

92  Sample,   J.   B.,   Beamish   Colliery,   Pit   Hill,    R.S.O.,  Co. 

Durham 

93  Saner,  Charles  B.,  Rietfontein  "A,"  Limited,  per  Private 

Bag,  Johannesburg,  Transvaal 

94  Severs,  Jonathan,  Stanley,  R.S.O.,  Newcastle-ujjon-Tyne 

95  Severs,  William,  Beamish  View,  via  Chester-le-Street 

96  Simpson,  Nelson  Ashbridge,  Bradley  Hall,  Wylam-upon- 

Tyne 

97  Stokoe.  James,    Ravensworth   Colliery,  Low  Fell,  Gates- 

head-upon-Tyne 

98  Stokoe,  John  George,  Coalbui-n,  Hepscott,  Morpeth 

99  Swallow,   F.  C,  36,  Manor  Court  Road,  Nuneaton 

100  Swallow,  Ralph  Storey,  Langley  Park  Colliery,  Dm-ham 


Date  of  Election 
and  of  Transfer. 

Feb  12,  1898 
S.  Oct.  8,  1892 
A.  Aug.  4,  1900 


April  25,  1896 

Dec.   8,  1894 

S.  Nov.  24,  1894 

A.  Aug.  7,  1897 

June  11,  1892 

Feb.  13,  1897 

Feb.  13,  1897 

Feb.  12,  1898 

April  11,  1891 

June  8,  1895 
Dec.  8,  1894 
Oct.  10,  1891 

Feb.  11,  1899 

April  27,  1895 

Feb.  12,  1898 

June  13,  1891 
Dec.  10,  1892 
S.  Aug.  4,  1894 
A.  Aug.  4,  1900 
June  8, 1895 
Oct.  1,3,  1894 

April  27,  1895 

Dec.  10,  1892 
Aug.  5,  1899 
Feb.  8,  1890 
Feb.  9,  1895 
S.  June  11,  1892 
A.  Aug.  3,  1895 

Dec.  10,  1898 

S.  Jan.  19,  1895  ' 
A.  Aug.  4,  1900 


April  10, 

1897 

s. 

June  8, 

1895 

A. 

Aug.  4, 

1900 

Nov.  5, 

1892 

S. 

Aug.  1, 

1891 

A. 

Aug.  7, 

1897 

Nov.  24, 

1894 

Dec.  9, 

1899 

April  14 

1894 

Dec.  9, 

1899 
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101  Tarbcck,  Harold,  Ryhope  Colliery,  near  Sunderland 

102  Thompson'.  Joseph,    North   Biddick    Colliery,   Washington 

Station,  Co.  Durham 

103  TcRNER,    Gkorge,   Tindale   Terrace,   Roachburu    Colliery, 

Brampton  Junction,  Carlisle 

104  Urwin,  John,  Inkerman  House,  Usworth  Colliery 

105  Wainwright,  William,  Heworth  Colliery,  Felling,  R.S.O., 

Co.  Durham    ...         

106  Watson,  Thomas,  East  Hedley  Hope,  Tow  Law.  R.S.O 

107  \ViLLis,     Henry     Stevenson,     Lead     Company's     Ofi 


Middlcton-in-Teesdalc,  by  Darlington 
108  Wilson,  R.  G.,  Pelton  Colliery,  Chester-le-Street 


pany's     Office, 


Date  of  Election 

and  of  Transfer. 

Feb.    15,  1896 

April    8,  1893 

June    8,  1895 

Feb.   15,  1896 


April    2,  1898 

Aug.    3,  1895 

S.  Feb.    13,  1892 

A.  Aug.     4,  1900 

Aug.     6,  1892 


STUDENTS. 

1  Armstrong,  W^illiam,  Jun.,  Cramlington  Collieries,  Northum- 

berland           ...         ...         ...         ...         

2  Batldon,   Harold  Cresswell,  c  o  Bechuanaland  Exploration 

Company,  Limited,  Bulav\aj'o,  Rhodesia,  South  Africa 

3  Bell,  William,  Elswick  Collieries,  Newcastle-upou-Tjaie 

4  Borrow,  Frank  Kendall,  38,  Nevern  Square,  London,  S.  W. 

5  Burne,   Cecil    A.,    Copiapo    Mining    Company,   Copiapo, 

Chile,  South  America         ...         

6  Clive,  Robert,  Langley  Park  Colliery,  near  Durham 

7  CoxoN,  William  B.  ,  Laugley  Park  Colliery,  Durham      

8  Crofton,  Charles  Arthur,  2,  South  View,  St.  Helen's,  Bisliop 

Auckland 

9  Dixon,   George,   East   Hetton   Colliery   Office,  Coxhoe  Bridge, 

Co.  Durham  ... 

10  Eddowe^,  Hugh  M.,  College  Court,  Shrewsbury  ... 

11  Glass,    Robert    William,    Axwell    Park    Colliery,    Swalwell, 

R.S.O.,  Co.  Durham  

12  Greene,  Charles    C,  Eston  Mines,  near  Middlesbrough-upon- 

Tees 

13  Green  WELL,  Alan  Leonard  Stapylton,  South  Durham  Colliery, 

Eldon,  Bishop  Auckland    ... 

14  Hall.  Joseph  Percival,  Edmondslej^  Colliery,  Chester-le-Street 

15  Harbit,  William  Denham,  32,  High  Street,  Wallsend-upon-Tyne 

16  Heaps.  Christopher,   12,  Richmond  Terrace,  Gateshead-upon- 

Tyne 

17  HoLLiDAY,  Norman  Stanley,  Langley  Grove,  Durham 

18  Jaeger,  Bernard,  Anglo-American  Club,  Freiburg  in  Sachsen, 

Germany 

19  Jones,  William,  Hamsteels  Colliery,  near  Durham 

20  Latimer,  Hugh,  South  Durham  Colliery,  Eldon,  Bishop  Auckland 

21  Leathart,  W.  B,  S.,  Bracken  Dene,  Gateshead-upon-Tyne 

22  McGowAN,  Ernest,  c/o  Griffith  and  Company,  14,  Royal  Arcade, 

Newcastle-upon-Tyne 

23  MacGregor,  James  Malcolm,  Cowpen  Colliery  Office,  Blyth   ... 

24  Marley,  Frederick   Thomas,    Hebburn  Colliery,    Newcastle- 

upon-Tyne    , 


Date  of  Election. 

June 

11, 

1898 

April 
Feb. 
Oct. 

2, 
13, 

8, 

1898 
1897 
1898 

Aug. 

4, 

1894 

Feb. 
Feb. 

10, 
1-2, 

1900 
1898 

D*jc. 

10, 

1898 

June 

13, 

1S96 

Oct. 

8, 

1S98 

June 

10, 

1899 

Feb. 

15, 

1896 

Oct. 

8, 

1898 

Got. 
Dec. 

9, 
10, 

1897 
1898 

Feb.  10, 
April  10, 

1910 
1897 

June 
Aug. 

12, 

4, 

1897 
1894 

Feb. 
June 

15, 
11, 

1896 
1898 

Oct. 
Oct. 

13, 
14, 

1894 
1899 

Oct. 

8, 

ISvS 

i 
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Date  of  Election. 

25  MiDDLETON,  H.  W.,  Trimdon  Grange  Colliery,  Triindon  Grange, 

R.S.O.,  Co.  Durham  Aug.     4,  1894 

26  MiLBURX,  Edwin  Walter,  Link  View,  Blyth,  Northumberland...  Feb.    10,  1900 

27  MiLBVRNE,  John  Etherington,  Collingwood  Street,  Coundon, 

Bishop  Auckland Oct.     14,1899 

28  Minns,  Thomas  Tate,  Jun. ,  No.  4  Herrington  Pit,  New  Herring- 

ton,  Fence  Houses April  10,  1897 

29*MiTCHELL- Withers,  William  Charles,  School  of  Mines,  Cam- 
borne, Cornwall       April  28,  1900 

30  Murray,    Frank    Douglas,    9,    Stratton    Street,     Piccadilly, 

London,  W Aug.      7,  1897 

31  MusGROVE,    William,    Throckley    Colliery     Office,    Throckley 

Colliery,  near  Newcastle-upon-Tyne       ...         ...         ...         ...  June    8,1895 

32  Nesbit,  John  Straker,  Cramlington  Collieries,  Northumberland  Oct.      9,  1897 

33  NiSBET,  Norman,  Harraton  Colliery,  Washington  Station,  R.S.O., 

Co.  Durham Nov.   24,1894 

34  Parrington,  T.  E..  Hill  House,  Monkwearmoutli  Aug.     3,  1895 

35  Pearson,  Richard  Nash         Dec.    10,  1898 

36  Peterkin,  John  Alexander,  13,  Swinley  Road,  Wigan,  Lanca- 

shire    June    12,  1897 

37  Raine,  Fred.  J.,  Cornsay  Colliery,  Co.  Durham Feb.  15,  1896 

38  Ramsey,  Robert,  Felling  Colliery,  Newcastle-upon-Tyne            ...  Oct.  8,1898 

39  Richardson,  Nicholas,  South  Ashfield,  Newcastle-upon-Tyne...  Dec.  12,  1896 

40  Richardson,  Sydney,  South  Pelaw  Colliery,  Chester-le-Street  ...  Oct.  9,  1897 

41  Robinson,  George  Henry,  Jun.,  Holm  Lea,  Sunderland           ...  Dec.  9,  1899 

42  Robinson,  John  Wai,ton,  Jun.,  6,  Gladstone  Terrace,  Gateshead- 

upon-Tyne April    2,  1898 

43  Rogers,  John,  Coanwood,  near  Carlisle       April    8,1899 

44  RoosE,  Hubert  F.  G.,  45,  Hill  Street,  Berkeley  Square,  London   Dec.      9,  1899 

45  RouTLEDGE,  RoBKRT,  Jun. ,  Colliery  Hou.se,  Garforth,  near  Leeds  Feb.    13,  1897 

46  Rutherford,  Thomas  Ea.ston,  South  Derwent  Colliery,  Annfield 

Plain,  Co.  Durham June  10,  1899 

47  Simpson,  R.  R.,  11,  Haldane  Terrace,  Jesmond,  Newcastle-upon- 

Tyne    Aug.     3,  1895 

48  Slmpson,  Thomas   V.,  Heworth   Colliery,  Felling,  R.S.O.,  Co. 

Durham  Dec.     14,  1895 

49  Snowdon,  Thomas,  Jun.,  Oakwood,  Cocktield,R.S.O.,Co.Durham  June  12,  1897 

50  Southern,     Stephen,     Heworth     Colliery,     Felling,     R.S.O., 

Co.  Durham Dec.  14,1895 

51  Stewart,  William,  Milnthorp  House,  Sandal,  Wakefield  ...    Oct.  8,  1898 

52  Stratton,  H.  S.,  15,  Portland  Terrace,  Newcastle-upon-Tyne  ...  Feb.  9,  1895 

53  Swallow,  W.  A.,  Tanfield  Lea,  Tantobie,  R.S.O.,  Co.  Durham     Dec.  9,  1893 

54  Tate,  W.  0.,  Trimdon  Grange,  Co.  Durham  Oct.     12,  1S95 

55  Thornton,  Norman,  Pelton  Colliery,  Chester-le-Street April  27,  1895 

56  Tweddell,  John  Smith,  Sea  ton  Delaval  Colliery,  Northumberland  Feb.    13,  1897 

57  Walton,  Arthur  John,  Seghill  Colliery,  Northumberland       ...  Feb.    12,  1898 

58  Welsh,    Arthur,    3,    Model    Street,    New    Seaham    Colliery, 

Sunderland Aug.      1,  1896 

59  Wilbraham,  Arthur  G.  B.,   Mina  de  S.   Domingos,  Mertola, 

Portugal        ...         Dec.    11,  1897 


LIST   OF   MEMBERS. 


SUBSCRIBERS. 

1  Owners  of  Ashixotox  Coixiery,  Newcastle-upon-Tyne. 
'2  BiRTLEY  Iron  Comtany  (3),  Birtley. 

o  Bridcewater  Trustees  (2),  Briilgewater  Offices,  Walkden,  Bolton-le-^Ioors, 
Lancashire. 

4  Marqiess  of  Bute.  Bute  Estate  Offices,  Aberdare,  South  Wales. 

5  BrTTERKNOWLE  CoLi.iERY  CoMPANV.  Dai-liugton. 

6  CowpEN  C"AL  Company,  Limited  (2),  F,  King  Street,  Newcastle-upon-Tyne. 

7  Earl  of  Durham  (2),  Lambton  Offices,  Fence  Houses. 

8  Keswick  Coal  Company,  Limited,  Newcastle-upon-Tyne. 

9  Harton  Coal  Company,  Limited  (3),  Harton  Collieries,  South  Shields. 

10  Hetton  Coal  Company  (5),  Fence  Houses. 

11  .Joicey,  James,  and  Company,  Limited  (2),  Newcastle-upon-T\-ne. 

12  Lambton  Collieries,  Llmited  (2),  E,  Queen  Street,  Newcastle-upon-Tyne. 

Vi  Marquis    of    Londonderry  (5),   c/o  V.    W.    Corliett,    Londonderry   Offices, 
Sealiain  Haibour. 

14  North  Brancepeth  Co.yl  Company,  Limited,  Crown  Street  Chambers,  Dar- 

lington. 
\'y  Owners  of  North  Hetton  Colliery  (3),  Fence  Houses. 

16  Ryhope  Coal  Company  (2),  Ryhope  Colliery,  near  Sunderland. 

17  Owners  of  Seghill  Colliery,  Seghill,  Northumberland. 

15  Owners   of   South   Hetton   and   Murton  Collieries  (2),  50,  John  Street, 

Sunderland. 

19  Owners  of  Stella  Colliery,  Hedgefield,  Blaydon-upon-Tjne. 

20  Owners  of  Throckley  Colliery,  Newcastle-upon-Tyne. 

21  Owners  of  Victoria   Garesfield   Colliery,   Victoria    Garesfield   Colliery, 

Lintz  Green,  Co.  Durham. 

22  Owners  of  Wearmuuth  Colliery  (2),  Simderland. 

23  Westport  Coal  Company,  Limited  (2),  Manager,  Dunediu,  New  Zealand. 


ENUMERATION. 


Honorary  Members 
Members    ... 
Associate  Members 
Associates 
Students 
Subscribers 


August  4,  If  00. 

30 
883 
132 
108 

59 

23 


Total 


1,235 


Members  are  desired  to  communicate  all  changes  of  address,  or  any  corrections  or 
omissions  in  the  list  of  names,  to  the  Secretary. 


ilEMOIR, 


MEMOIR    OF    SAMUEL    BAILEY. 

Samuel  Bailey,  mining'  engineer  of  Biiming-liam,  F.G.S. 
(18()-5),  born  IGtli  April,  1825,  came  of  a  mining  family,  his  grand- 
father, Samuel  Bailey,  a  mining  engineer,  in  the  early  years  of  the 
nineteenth  centnry,  being  connected  with  the  collieries  of  Earl 
Eitzwilliam  near  Sheffield,  and  afterwards  at  those  of  the  Earl  of 
Lichfield,  near  Walsall.  His  father  was  mining  engineer  in  18-')(j 
to  Messrs.  John  Bagnall  &  Sons,  one  of  the  largest  hrms  of  iron- 
masters in  South  Staffordshire  and  of  railmakers  in  the  time  of 
the  railway  mania  about  1840.  He  was  trained  at  these  extensive 
collieries,  and  became  a  practical  mining  engineer,  of  singular 
uprightness  and  indefatigable  industry.  He  eventually  became 
mining  adviser  to  the  Earl  of  Dartmouth,  Lord  Hatherton,  Mr. 
John  Pe]cy,  F.R.S.,  Mr.  H.  C.  Vernon  and  man}'  others,  and  re- 
tained his  connexion  Avitli  their  successors  until  his  death  on 
November,  19th,  1899.  He  was  among  the  foremost  in  the  Mid- 
land counties  to  introduce,  at  an  early  date,  underground  hauling 
machineiy  in  lieu  of  horse  draft,  and  also  in  the  search  for  and 
development  of  the  coal-seams  lying  under  the  Permians  outside 
of  the  Old  South  Staffordshire  coal-field,  rightly  named  in  those 
years,  "  the  Black  Country."  About  oO  years  ago  he  was  joined 
in  partnership  under  the  name  of  Messrs.  vS.  &  J.  Bailey,  b}'  his 
brother,  and  subsequently  by  his  sons,  Mr.  T.  H.  Bailey  and  Mr. 
E.  J.  Bailey,  and  in  conjunction  with  them  was  engaged  until  the 
time  of  his  death  in  important  developments  of  coal-areas  between 
the  Staffordshire  and  Shropshire  coal-fields,  and  in  the  outlying 
and  iintil  then  unproved  coal-field  of  AVai-wickshire. 

He  had  been  a  member  of  the  Xorth  of  England  Institute  of 
Mining  and  Mechanical  Engineers  since  June  2nd,  1859.  In 
1861,  at  the  meeting  in  ]3irmingham,  he  contributed  an  excellent 
paper,  containing  many  valuable  suggestions,  "  On  the  Advantage 
and  Necessity  of  the  Introduction  of  Steam-power  for  the  Purpose 
of  Underground  Conveyance  in  the  Coal-  and  Ironstone-mines  of 
South  Staffordshire."* 

*   Trmi^.  N.E.  Iii.-if.,  1861,  vol.  x.,  pages  25-39,  antl  .S  plate?. 
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BEIEF  SYLLABUS 

OF   THE 

THREE  YEARS'  COURSE  OF  LECTURES 

COLLIERY  ENGINEERS,  ENGINEWRIGHTS, 
APPRENTICE  MECHANICS,  AND  OTHERS. 


The  Council  of  the  North  of  England  Institute  of  Mining  and 
I^Iechanical  Engineers,  in  collaboration  with  the  Council  of  The  Durham 
College  of  Science,  have  arranged  a  course  of  Lectures  for  Colliery 
Eno-iiieers,  Enginewrights,  Apprentice  Mechanics,  and  others,  to  be 
delfvered  at  The  Durham  College  of  Science,  Newcastle-upon-Tyne. 

The  course  will  extend  over  three  winter  sessions,  and  involves 
attendance  for  24  Saturday  afternoons,  from  3  p.m.  to  5  p.m.  during  each 
session.  Students  can  enter  any  of  the  coui-ses,  each  series  of  Lectures 
being,  as  far  as  possible,  entirely  independent  of  the  others,  and  con- 
stituting a  complete  course  upon  its  own  subject. 

It  is  desirable  that  Students  should  not  be  less  than  17  years  of  age. 

The  delivery  of  the  next  course  of  Lectures  will  commence  on  October 
6th  1900.  The  fee  for  the  series  of  four  courses  given  during  each 
session  is  £1  10s. 

Examinations  will  be  held  at  the  end  of  each  course  in  the  respective 
subjects.  Certificates  will  be  granted  to  those  Students  who  attend 
satisfactorily  and  pass  the  Examinations  throughout  the  three  years' 
course,  and  Prizes  will  be  awarded  annually  to  the  two  Students  who  do 
best  in  the  aggregate  Examinations  of  the  year. 

Prof.  Henry  Louis  reports  that  during  the  session  1899-1900,  the 
following  courses  of  lectures  were  delivered  :— Iron  and  Steel,  by  Mr. 
Saville  Shaw  :  Pumping  and  Ventilation,  by  Prof.  Henry  Louis  ;  Trans- 
mission of  Power,  by  Mr.  11.  M.  Ferrier ;  and  Mining  JMachinery,  by 
Prof.  Henry  Louis.  The  two  former  lectures  were  attended  ])y  89 
students  and  the  latter  by  74.  Out  of  these,  .")2  sat  for  Examination  in 
the  two  first-named  subjects,  and  28  succeeded  in  passing ;  and  the  numbers 
were  respectively  49  and  3o  in  the  two  latter  subjects.  Prizes  were 
awarded  to  Messrs.  James  Wray  and  John  Brass,  who  gained  the  highest 
aggregate  number  of  marks  during  the  session.  The  Students  attended 
with  commendable  regularity,  but  the  proportion  who  sent  in  home  work 
was  less  than  it  should  have  been.  The  Council  recommend  that  colliery 
owners  and  others,  who  send  Students  to  these  classes,  should  insist  upon 
home  work  being  done  regularly. 
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Several  colliery  owners  have  agreed  to  pay  the  fees  and  (or)  train 
fares  of  a  number  of  Students  ■whom  they  propose  to  send  to  the  course 
of  Lectures. 

Any  further  information  will  be  supplied  on  application  to  Mr.  F.  H. 
Pruen,  Secretary,  Durham  College  of  Science,  Newcastle-upon-Tyne,  or 
Mr.  ]\I.  Walton  Brown,  Secretary,  North  of  England  Institute  of  Mining 
and  Mechanical  Engineers,  Neville  Hall,  Newcastle-upon-Tyne. 


1900=1.— MICHAELMAS  TERM. 

Mexsuratiox. — 3-4  p.m. 

Lecturer — Principal  H.  P.  Gurxey,  M.A.,  D.C.L.,  F.G.S. 

Lengths,  triangles,  similar  figures,  chords,  arcs  and  circumferences  of 
circles.  Areas  of  plane  figures  ;  rectangles,  parallelograms,  triangles  and 
rectilinear  figures;  circles,  sectors  and  segments  of  circles:  Simpson's 
rule ;  similar  figures.  Volumes  of  solid  figures ;  parallelopiped,  right 
prism,  right  circular  cylinder,  ring  and  pipe,  right  pyramid,  right 
circular  cone  and  sphere.  Areas  of  surfaces  of  solids ;  plane  surfaces, 
right  circular  cylinder,  right  circular  cone  and  sphere.  Mechanical 
mensuration. 

The  Chemistry  of  Fuel. — 4-5  p.m. 

Lecturer — Mr.  Saville  Shaw,  M.Sc,  F.C.S. 

Nature  of  fuels  in  general.  The  chemistry  of  carbon  and  its  oxides. 
Natural  and  artificial  fuels,  gaseous  fuels,  gas-producers.  Calorific  power 
and  calorific  intensity  of  fuel.     Pyrometry. 

1900=1.— EPIPHANY  TERM. 

Strength  of  Materials  (with  Experimental  Illustrations). — 

3-4  p.m. 

Lecturer — Mr.  E.  M.  Ferrier,  M.Sc,  C.E. 

Materials  used  in  construction : — Cast-iron,  wrought-iron,  steel, 
brass,  brick,  stress  and  strain.  Strength  under  tension,  compression, 
shearing,  and  bending.  Breaking  and  working  strengths  ;  factors  of 
safety  ;  the  effect  of  live  loads  ;  extension  and  compression  under  load  ; 
behaviour  of  material  under  stress  ;  effect  of  length  of  specimens. 

The  Lectures  will  be  illustrated  by  actual  experiments  on  the  100 
tons  testing-machine  in  the  Engineering  Laboratory. 

Experimental  Mechanics. — 4-5  p.m. 
Lecturer — Mr.  R.  J.  Patterson,  M.Sc. 

Introductory  definitions,  with  illustrations :  force  and  work,  and 
theu*  measurement ;  power  ;  horsepower ;  principle  of  the  conservation  of 
energy.    Machines  for  changing  the  magnitude  and  the  direction  of  force; 
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workshop  appliances,  lever,  sini»le  and  double  purchase  winches,  pulleys, 
inclined  plane  and  screw,  screwjack  ;  friction,  elHciency  of  machines. 
Grapliical  representation  of  forces.  Specific  gravity  and  its  determina- 
tion by  the  hydrostatic  balance.  The  atmosphere  and  the  pressure  it 
exerts;  the  barometer:  lifting"  and  forcing  pumps. 

1901=2.— MICHAELMAS    TERM. 

Theoretical  Electhicity. 

Lecturer— Mr.  R.  J.  PATrEiisox,  M.Sc. 

Magnetism :  lines  of  magnetic  force,  magnetic  field ;  distinctive 
magnetic  properties  of  iron  and  steel.  Electricity ;  production  of  an 
electric  current ;  magnetic,  chemical  and  heating  effects  of  the  current; 
measurement  of  current  strength,  electro-motive  force  and  resistance  ; 
practical  electrical  units,  the  ampere,  volt  and  ohm ;  Ohm's  Law.  The 
principle  of  the  dynamo  ;  dynamo  construction  ;  various  types  of  dynamos. 
'J  he  electric  motor,  its  principle  and  use  in  workshops,  mines,  etc. 

Electrical  Engineering. 

Lecturer— Mr.  W.  M.  Thornton,  M.Sc. 

The  generation  of  electric  currents  for  lighting  and  power.  Con- 
tinuous-current dynamos,  construction,  efficiency  and  testing.  Types  of 
electric  motors.  Conditions  of  working.  Alternating-current  genera- 
tors and  motors.  Transformers.  Polyphase  currents.  Electric 
transmission  of  power.  Application  of  electricity  to  mining.  Electric 
lighting.  Arc  and  incandescent  lamps.  Distribution  of  current. 
Wiring.  Joints.  Safety  appliances.  Management  of  lighting  and 
power  stations. 

1901=2.— EPIPHANY   TERM. 

The  Steam-engine. 

Lecturer— Mr.  R.  M.  Ferrier,  M.Sc,  C.E. 

Heat,  its  measurement  and  transfer  ;  saturated  steam  ;  pressure  and 
temperature  of  steam  ;  expansion  of  steam  ;  the  indicator  and  indicator- 
diagrams  ;  horsepower,  indicated  and  effective  :  simple  forms  of  the 
steam-engine,  valves  and  the  distribution  of  steam,  governors  ;  com- 
pound and  triple-expansion  engines  ;  efficiency  of  the  steam-engine  ; 
steam-boilers,  combustion  and  draught ;  evaporative  power  of  coal. 

Haulage  and  Winding. 

Lecturer— Prof.  H.  Loui^  M.A.,  A.R.S.M. 

ilain  haulage-roads,  animal  traction,  self-acting  inclines,  engine-})lancs, 
niain-and-tail-rope  haulage, endless-rope  orendless-chain  haulage  ;  haulage- 
engines,  plant  and  appliances,  underground  haulage-engines  ;  electric, 
hydraulic  and  pneumatic  engines ;  secondary  liaulage.  Onsetting  and 
banking  out.  Winding-engines,  cages,  ropes,  safety  appliances,  pulley- 
trames,  heapsteads,  surface  arrangements. 
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1902=3.— MICHAELMAS   TERM. 

Transmission  of  Power. 
Lecturer — ^Fr.  R.  M.  Ferrier,  M.Sc,  C.E. 

Work  and  power  ;  different  forms  of  energy,  its  storage,  transforma- 
tion and  transmission  ;  simple  machines,  friction  and  lost  work, 
efficiency  of  machinery  ;  methods  of  transmitting  power,  shafting  and 
bearings,  spnr-and-bevel  wheels,  rope  gearing,  hydraulic  transmission, 
compressed-air  transmission  ;  the  steam-engine  and  boiler  ;  comparison 
of  different  methods. 

Pumping  and  Ventilation. 

Lecturer— Prof.  H.  Louis,  M.A.,  A.R.8.M. 

Elementary  notions  of  drainage,  dams,  reseiToirs  ;  syphons  ;  baling  ; 
arrangement  of  pumps,  driving,  starting  and  working  pumps  ;  pipes  ; 
bucket-pumps ;  plunger-pumps  ;  details,  balance-bol)s,  angle-bobs, 
spears,  catches,  etc.  ;  pump-valves ;  direct-acting  pumps ;  electric, 
pneumatic  and  hydraulic  pumps. 

Principles  of  ventilation  ;  movement  of  air-currents  ;  measurement 
of  air-currents  :  anemometers,  water-gauges  ;  natural  ventilation  ; 
ventilating  appliances,  fans,  furnaces ;  distribution  of  air-currents, 
splitting  currents,  doors,  stoppings,  regulators  ;  general  considerations 
affecting  ventilation, 

1902  =  3.— EPIPHANY  TERM. 

Iron  and  Steel. 

Lecturer— Mr.  Saville  Shaw,  M.Sc,  F.C.S, 

The  nature  of  the  raw  materials  used  in  the  manufactui-e  of  iron  and 
steel.  Chemical  composition  of  coal  and  other  fuels.  The  phenomena 
of  combustion.  Gaseous  fuel  and  gas-producers.  Fire-resisting 
materials.  The  ores  of  iron.  The  blast-furnace  ;  conversion  of  pig- 
iron  into  wrought-iron  and  steel.  The  puddling  process  and  the  various 
methods  of  steel  making.  The  structure  and  nature  of  steel  ; 
hardening  and  tempering. 

Mining  Machinery  (mainly  Machinery  used  Underground). 

Lecturer— Prof.  H.  Louis,  M.A.,  A.R.S.M. 

Methods  of  conveying  power  underground,  comparison  of  methods  : 
compressed  air,  electricity,  water,  steam,  ropes.  Air-compressors,  simple 
and  stage  compressors.  Diagrams.  Valve  construction.  Cooling. 
Receivers  and  tittings.  Pipes.  Percussion  and  rotary  rock  drills  and 
their  construction.  Dynamos  and  motors  used  for  underground 
operations.'  Sparking  and  its  dangers.  Leads.  Rock  drills.  Coal- 
cutting  machinery  of  various  types.  Heading  machines.  Underground 
hauling,  winding  and  pumping  engines.     Miscellaneous  applications. 
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Annuaire,  complete  from  1882.     Bulletin,  complete  from  vol.  iii. 
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*American  Institute  of  ^Mining  Engineers,  New  York  City.     Transactions,  complete  from 

1871. 
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*American  Society  of  Civil  Engineers,  New  York  City.       Proceedings,  complete  from 

1872.     Transactions,  complete  from  1872. 
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from  1880. 
*Annales  des  Mines,  Paris.     Journal,  complete  except  vols.  xxxi.  to  xxxviii.    Memoires, 
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tAnnales  des  Mines  de  Belgique,  Brassels.     Memoires,  complete. 
*Annales  des  Ponts  et  Chausse'es,  Paris.     Jle'moii-es  et  Documents,  complete  from  series 

6.     Lois,  De'crets,  etc.,  complete  from  series  6.    Personnel,  complete  from  1881. 
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Bulletin,  complete. 
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and  vii.  (out  of  print). 
*Atti  della  Societa  Toscana  di   Scienze  Natural!,   Pisa.     Memorie,  complete  from  1877. 

Processi  Verbali,  complete,  except  vol.  vii.,  pages  171-198  (out  of  print). 
^Australasian  Association  for  the  Advancement  of  Science,  Sydney,  New  South  "Wales. 

Reports,  complete, 
t Australasian  Institute  of  Mining  Engineers.     Transactions,  complete  from  vol.  i. 

*Barrow  Naturalists'  Field  Club,  Barrow.     Complete  from  vol.  i. 
Berg-    und    Hiittenmiinnisches    Jahrbuch    der    Bergakademien    zu    Leoben    und    Pri- 
bram und  der  Koniglich-ungarischen  Bergakademie  zu  Schemnitz,  Vienna.     Com- 
plete from  vol.  xxxi.,  1S83. 
Berg-  und  Huettenmaunische  Zeitung,  Leipzig.     Complete  from  vol.  xlii.,  1883. 
JBibliographie  des  Sciences  et  de  I'lndustrie.      Complete  from  commencement,   1898. 

By  the  Puhlishers. 
'Birmingham  Philosophical  Society,  Birmingham.     Proceedings,  complete. 
Board  of  Trade  Journal,  London.     Complete  from  1886. 
Boiler  Explosions  Acts,  1882  and  1890,  London.     Reports,  complete. 
iBoletin  iMinero  y  Comercial,  Madrid.     Complete  from  commencement,  1898.     By  the 

PuUishers. 
:I:British  Association  for  the  Advancement  of  Science.      Complete  from  1831.      By  the 

Association. 
^British  Columbia  Mining  Record,   Victoiia.      Complete  from  vol.   v.,   1899.      By  the 

Puhlishers. 
tBritish  Society  of  Mining  Students,  Cinderford.     Journal,  complete. 

Brown's  Export  list,  Newcastle-upon-Tyne.     Complete  from  18.53. 
'Bulletin  Russe  de  Statistique  Fiuanciere  et  de  Legislation,  St.  Petersbour".      Comijlete 
from  189.5,  °' 

^California  State  Mining  Bureau,  Sacramento.  Annual  Reports  of  the  State  Aliueral- 
ogist.     5th  to  12th.     By  the  StaU. 

'Canadian  Institute,  Toronto.  Annual  Reports,  complete  from  1887.  Transactions 
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and  10;  vol.  xv.,  series  ii.  (The  Canadian  Journal),  parts  5  and  7;  vol.  i.,  series 
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Canadian  Institiite),  parts  1,  3,  and  all  after  4. 
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tCanailian    Mining   Institute   (late   Federated    Cauadiau    Mining    Institute),    Ottawa. 
Journal,  conii>letc  from  vol.  i.,  1896. 
Canadian  Mining  Keview,  Ottawa.     Completo  from  vol.  xi. 
Cassier's  Magazine,  London.     Complete  from  vol.  viii. 

tChemical  and  Metallurgical  Society  of  South  Africa.  Proceedings,  complete  from  vol.  i. 
Journal,  complete  from  vol.  i. 

•Chesterfield  and  Midland  Counties  Institution  of  Engineers,  Chesterfield.  Transactions, 
comidete. 

•Cleveland  Institution  of  Engineers,  Middlesbro'.     Proceedings,  complete  from  1SG9. 

*Coal  and  Iron,  London,  complete  from  vol.  iii.     B>i  the  Publisher.^. 

*Colegio  de  Ingenieros  de  Venezuela,  Caracas.    El  Ingeuiero,  vol.  i.,  no.  1, 189S. 
Colliery  Guardian,  London.     Complete  from  vol.  ii.,  except  vols.  ix.  to  xiii. 

^Colliery  Manager,  London.     Complete  from  1885.     £>/  the  Publishers. 

•Colonial  Museum  and  Geological  Survey  of  New  Zealand,  Wellington.  Geologicil 
Eeports,  complete  from  1870  to  1891,  except  for  1873-74.  Paleontology  of  New 
Zealand,  part  4.  Museum  and  Laboratory  Eeports,  complete  from  1868.  Meteoro- 
logical Returns  and  Eeports,  complete  from  1868  to  1884,  with  the  exception  of  tliose 
for  1873-74  and  1885-86.  Miscellaneous  Publications,  complete  with  tlie  exception 
of  Nos.  1,  2,  12,  13,  16,  17,  and  19  to  28. 
Colonial  Eeports.  Annual  and  Miscellanous  Series.  Complete  from  commencement, 
189L 

*Com.pressed  Air.  Vol.  i.,  nos.  2  and  3  ;  vol.  iv.,  nos.  2,  3,  and  8  to  12 ;  vol.  v,,  nos.  1, 
6,  5  and  6.     B;i  the  Publishers. 

•Connecticut  Aca  lem.y  of  Arts  and  Science,  New  Haven.  Transactions,  complete,  except 
title-page  and  index  to  vol.  iv. 

^Contract  Journal  and  Siiecification  Eecord,  London.  Complete  from  vol.  v.  B>/  the 
Publishers. 

JDe  Beers  Consolidated  Mines,  Limited,  Kimberley.     Annual  Eeports,  complete  from 
the  first,  1889.     Pi/  the  Companij. 
Digest  of  Physical  Tests  and  Laboratory  Practice,  Philadelphia.     Com.plete. 
Dinglers  Polytechnisches  Journal,  Stuttgart.     Complete  from  vol.  ccxlvii.,  1883. 
:I:Durham  University  Calendar,  Durham.      Coa-iJlete  from  1873,   except  for  the   years 
1881  and  1891.     Bij  the  College. 

Engineer,  London.     Complete  from  1856,  except  vols,  xxvii.  to  xxxii. 
•Engineering  Association  of  New  South  Wales,  Sydney.     Minutes  of  Proceedings,  com- 
plete from  1885  to  vol.  x.  for  1894. 
•Engineering,  Loudon.     Complete  from  1866,  except  vols.  vii.  to  xii. 

Engineering  Magazine,  Chicago.     Complete. 
iEngineering  Times,  London.     Complete  from  vol.  i.,  1899.     Bij  the  Publishers. 
•Engineering  and  Mining  Journal,  New  York.     Complete,  from  vol.  xx.,  1875. 
•Engineers'  Club  of  Philadelphia,  Philadelphia.     Proceedings,  complete  from  1880. 
^Engineers"  Gazette,  London.     Complete  from  vol.  ix.     Bii  the  Publishers. 

Explosives.  Annual  Eeports  of  Her  Majesty's  Insijectors  of  Explosives.  Complete 
from  the  first,  1875. 

Fieldca's  Magazine.     Complete  from  vol.  i.,  1899. 
Fori'ign  Office  Eeports,  London.     Complete  from  1886. 
tFranklin    Institute  of   the  State  of   Pennsylvania,  PhOadelphia,      Journal,   complete 
from  vol.  Iv. 

tGeneral  Mining  Association  of  the  Province  of  Quebec.     Journal,  complete  to  1895. 

fGeological  Institution  of  the  University  of  Upsala,  Upsala.     liulletin,  complete. 

•Geological  and  Natural  History  Survey  of  Canada,  Montreal.  Complete,  except  Mesozoic 
Fossils,  vol.  i.,  part  4  ;  and  Palseozoic  Fossils,  all  after  vol.  ii.,  part  1,  except  vol. 
iii. ,  part  1. 

•Geological  Society,  London.     Quarterly  Jotirnal,  complete  from  1843. 

•Geological  Society  of  Australasia.     Transactions,  vol.  i. ,  parts  1  to  6,  1892. 

•Geological  Society  of  Soutli  Africa.     Transactions,  complete  from  vol.  i. 

•Geological  SiuTrey  of  India,  Calcutta.  Memoirs,  complete.  Records,  complete.  Pahe- 
ontolgia  Indica,  complete. 

•Geological  Survey  of  Iowa,  Des  Moines.     Annual  Eeports.  complete  from  vol.  i. 

fGeolosfical  Survey  of  New  .South  Wales,  Department  of  Mines,  Sydney.  Records,  com- 
plete from  1889.     Mineral  Resources,  complete  from  1898. 

•Geological  Survey  of  Pennsylvania,  Philadelphia.     Complete  to  1891. 

•Geological  Survey  of  the  United  States,  Washington.  Annual  Eeports,  complete  from 
vol.  ii.    Bulletin,  complete. 

•Geological  Survey  of  Victoria,  Melbourne.  Complete,  except  publications  after  Report 
of  Progress  for  1883, 
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*Greologiska  Forening,  Stockholm.     Fcirhaudlingar,  comt)lete  from  1872. 
*Geologisfcs'  Association,  London.     Proceedings,  complete  from  1859. 
*GUickauf,  Essen.     Complete  from  1883. 

^Imperial  Institute  Journal,  London.     Complete  from  vol.  i.,  1895.     R;i  the  Institute. 

:J:India.     Annual  Reports  of  the  Inspection  of  Mines.     Complete  from   1894.     By  the 
Government. 

^Indian  Engineering,  Calcutta.     Complete  from  1887.     By  the  Publishers. 
Industries  and  Iron,  London.     Complete  from  vol.  xv. 

*Institut  Geologique  du  Mexique,  Mexico.     Boletin,  complete  from  1895. 

*Institutiou  of  Engineers  and  Shipbuilders  in  Scotland,  Glasgow.     Transactions,  com- 
plete from  1857,  except  vol.  ii. 

*Institution  of  Civil  Engineers,  London.     Minutes  of  Proceedings,  complete  from  1837. 

*Institution  of   Civil  Engineers  of  Ireland,   Dublin.     Transactions  complete  from  1815. 

tinstitution  of  Jlechanical  Engineers,  London.     Proceedings,  complete  from  1847. 

flnstitution  of  Mining  ami  Metallurgy,  London.     Transactions,  complete  from  vol.  i. 

:^Institution  of  Mining  Engineers,  Mewcastle-upoa-Tyne.     Transactions,  complete  from 
vol.  i.,  1889.     By  the  Institution. 

*rnstitution  of  Naval  Architect-!,  London.     Transactions,  complete. 

:J;rnventors'   Review   and  Scientific  Record,    London.     Complete   from  vol.   iv..   no.  4; 
except  vol.  v.,  nos.  7  and  12 ;   vol.  vi.,  nos.  4  and  8  to  12 ;  vol.  vii.,  nos.  1  to  -3,  5, 
6  and  9  to  12 ;  and  vol.  viii.,  nos.  1  to  3.     By  the  Publishers. 
Iron  and  Coal  Trades  Review,  London.     Complete  from  vol.  iii.,  1869. 

*Iron  and  Steel  Institute,  London.     Journal,  complete  from  1871. 

*Jaarboek  van  bet  Jlijnwezen  in  Nederlandsch  Oost-Indie,  Amsterdam.     Complete  from 

1878. 
*Jalirbuch  f iir  das  Berg-  xmd  Hiittenwesen  im  Konigreiche  Sachsen,  Freiberg.     Comjjlete, 

except  1878. 
*Jemkontorets  Annaler.     Complete  from  1900. 

*Kaiserliche  Akademie  der  Wissenschaften,  Vieima.     Sitzungsberichte,  complete  from 

vol.  xlix.,  except  Mathematik,  Physik,  Chemie,  etc.,  vols.  Ix.  to  Ixiv. 
*Kaiserlich-koniglich  Geologische  Reichsanstalt,  Vienna.     Jahrbuch,  complete  from  1860. 
*Kaiserlich  Leopoldinisch-Carolinische  Deutsche  Akademie  der    Naturforscher,   Halle. 

Complete  from  vol.  xxxvi. 
*Kansas,  The  University  Geological  Survey  of.     Annual  Reports,  complete  from  vol.  ii. 

Mineral  Resources,  complete  from  1897.     L'niversity  Quarterly,  complete  from  vol. 

viii..  No.  1.     Bulletin,  complete  from  vol.  ix  ,  No.  1. 
*Ki>ninkliik  Instituut  van  Ingenieurs,  's-Gravenhage.     Complete  from  1881. 
*Kiiniglich   Preussischen   Geologischen    Landesanstalt    und    Bergakademie    zu    Berlin. 

Annual  volumes  for  1880-81,  1892-95. 
*K6niglich   Ungarische   Geologische    Anstalt,    Budapest.       Jahresberichte,    from   1882. 

Mittheilungen,  c  jmplete. 
*Konigliche  Bayerische  Akademie  der  Wissenschaften,  Miinchen.     Abhandlungen  der 

Mathematisch-physikalischen  Classe,  vols.  vi.  and  vii.     Sitzimgsberichte,  complete. 
JKynoch  Journal.     Complete.     By  Kynoch,  Limited. 

^Labour  Gazette,  London.     Complete.     Bti  the  Publishers. 

tLake  Superior  Mining  Institute.      Proceedings,  complete  from  vol.  i.,  1893. 

iL'Eclio  des  Mines  et  de  la  Me'tallurgie,  Paris.     Complete  from  1894.     By  the  Publishers. 

*Le  Ge'nie  Civil,  Paris.     Complete  from  1880. 

:|:Le  Mois  Scientifique  et  Industriel,  Paris.    Complete  from  No.  7,  1899.    By  the  Puhlifhcrs. 

*i.iverpool  Engineering  Societj',  Liverpool.     Complete  from  1881. 

:J: Liverpool  Geological  Association,  Liverpool.     Transactions,  complete  from  1880  to  vol. 

X.,  1890,  except  vols.  iv.  and  viii. 
*Liverpool  Geological  Society,  Liverpool.     Complete  from  1860. 
^London  Mining  Gazette  of  the  London  Chamber  of  Mines,  London.     Complete  from 

vol.  L,  1899.     By  the  London  Chamber  of  Mines. 
*L'Union  des  Charbonnages,  Mines  et  Usines  Sle'tallurgiques  de  la  Province  de  Liege. 

Complete  from  1872. 

^Machinery  Market  and  Exporter.     Complete  from  1895.    By  the  Publishers. 
*Magyarlioni  Foldtani  Tarsulat,  Budapest.     Fijldtani  Kiizlony,  complete  from  1871. 
*.Manchester  Association  of  Engineers,  Manchester.     Transactions,  complete  from  1887. 
*. Manchester  Geographical  Society,  Manchester.     -Journal,  complete  from  vol.  vi. 
tManchester  Geological  Society,  Manchester.     Transactions,  complete  from  1840,  except 

vols,  iii.,  vii.  and  ix. 
*Manchestcr  Literary  and  Philosophical  Society,  Manchester.     Memoirs,  complete  except 

all  volumes  in  first  series.     Proceedings,  complete  from  1887. 
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*Master  Cav-Buildors'  Association,  Chicago.     Proceedings,  complete  from  1882. 
*Mechauical  Engineer.     Complete.     Bi/  the  PubUshcrg. 
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*AIemorial  des  Poudres  et  Salpetres,  Paris.     Complete  from  vol.  ii. 
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CHARTER  OF  THE  NORTH  OF  ENGLAND  INSTITUTE  OF 
MINING  AND   MECHANICAL   ENGINEERS. 


FOUNDED  1852. 
mCORPORATED  NOVEMBER  2Sth,  1876, 


^B^irtoria:,  by  the  Grace  of  God,  of  the  United  Kingdom  of  Great 
Britain  and  Ireland,  Queen,  Defender  of  the  Faith,  to  all  to  M'hom 
THESE  Presents  shall  Come,  Greeting  : 

Whereas  it  has  been  represented  to  us  that  Nicholas  Wood,  of 
Hetton,  in  the  County  of  Durham,  Esquire  (since  deceased)  ;  Thomas 
Emerson  Forster,  of  Newcastle-upon-Tyne,  Esquire  (since  deceased)  ; 
Sir  George  Elliot,  Baronet  (then  George  Elliot,  Esquire),  of  Houghton 
Hall,  in  the  said  County  of  Durham,  and  Edward  Fenwick  Boyd,  of 
Moor  House,  in  the  said  County  of  Durham,  Esquire,  and  others  of  our 
loving  subjects,  did,  in  the  year  one  thousand  eight  hundred  and  tifty-two, 
form  themselves  into  a  Society,  which  is  known  by  the  name  of  The 
North  of  England  Institute  of  Mining  and  Mechanical  Engineers, 
having  for  its  objects  the  Prevention  of  Accidents  in  Mines  and  the 
Advancement  of  the  Sciences  of  Mining  and  Engineering  generally,  of 
which  Society  Lindsay  Wood,  of  Sou  thill,  Chester-le-Street,  in  the  County 
of  Durham,  Esquire,  is  the  present  President.  And  wheheas  it  has  been 
further  represented  to  us  that  the  Society  was  not  constituted  for  gain, 
and  that  neither  its  projectors  nor  Members  derive  nor  have  derived 
pecuniary  profit  from  its  prosperity ;  that  it  has  during  its  existence  of  a 
period  of  nearly  a  quarter  of  a  century  steadily  devoted  itself  to  the  pre- 
servation of  human  life  and  the  safer  development  of  mineral  property  . 
that  it  has  contributed  substantially  and  beneficially  to  the  prosperity  oi 
the  country  and  the  welfare  and  happiness  of  the  working  members  of  the 
community  ;  that  the  Society  has  since  its  establishment  diligentlj 
pursued  its  aforesaid  objects,  and  in  so  doing  has  made  costly  experiments 
and  researches  with  a  view  to  the  saving  of  life  by  improvements  in  the 
ventilation  of  mines,  by  ascertaining  the  conditions  under  which  the  safety 
lamp  may  be  relied  on  for  security  ;  that  the  experiments  conducted  by 
the  Society  have  related  to  accidents  in  mines  of  every  description,  and 
have  not  been  limited  to  those  proceeding  from  explosions  ;  that  the  vari- 
ous modes  of  getting  coal,  whether  by  mechanical  appliances  or  otherwise 
have  received  careful  and  continuous  attention,  while  the  improvement? 
in  the  mode  of  working  and  hauling  belowground,  the  machinery  em- 
ployed for  preventing  the  disastrous  falls  of  roof  underground,  and  the 
prevention  of  spontaneous  combustion  in  seams  of  coal  as  well  as  in  car- 
goes, and  the  providing  additional  security  for  the  miners  in  ascending 
and  descending  the  pits,  the  improvements  in  the  cages  used  for  this  pur- 
pose, and  in  the  safeguards  against  what  is  technically  known  as  ''  over- 
winding," have  been  most  successful  in  lessening  the  dangers  of  mining, 
and  in  preserving  human  life  ;  that  the  Society  has  held  meetings  at  stated 
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periods,  at  which  the  results  ot  the  said  experiments  and  researches  have 
been  considered  and  discussed,  and  has  published  a  series  of  Transactions 
tilling  many  volumes,  and  forming  in  itself  a  highly  valuable  Library  of 
scientitic  reference,  by  which  the  same  have  been  made  known  to  the 
public,  and  has  formed  a  Library  of  Scientific  Works  and  Collections  of 
Models  and  Apparatus,  and  that  distinguished  persons  in  foreign  countries 
have  availed  themselves  of  the  facilities  afforded  by  the  Society  for  com- 
municating important  scientific  and  practical  discoveries,  and  thus  a  useful 
interchange  of  valuable  information  has  been  effected  ;  that  in  particular, 
with  regard  to  ventilation,  the  experiments  and  researches  of  the  Society, 
which  have  involved  much  pecuniary  outlay  and  personal  labour, 
and  the  details  of  which  are  recorded  in  the  successive  volumes  of 
the  Society's  Transactions,  have  led  to  large  and  important  advances 
in  the  practical  knowledge  of  that  subject,  and  that  the  Society's 
researches  have  tended  largely  to  increase  the  security  of  life  ;  that  the 
Members  of  the  Society  exceed  800  in  number,  and  include  a  large  pro- 
portion of  the  leading  Mining  Engineers  in  the  United  Kingdom.  And 
WHERKAS  in  order  to  secure  the  property  of  the  Society,  and  to  extend  its 
useful  operations,  and  to  give  it  a  more  permanent  establishment  among 
the  Scientific  Institutions  of  our  Kingdom,  we  have  been  besought  to  grant 
to  the  said  Lixdsay  Wood,  and  other  the  present  Members  of  the 
Society,  and  to  those  who  shall  hereafter  become  Members  thereof,  our 
Royal  Charter  of  Incorporation.  Now  know  ye  that  we,  being  desirous 
of  encouraging  a  design  so  laudable  and  salutary,  of  our  especial  grace, 
certain  knowledge,  and  mere  motion,  have  willed,  granted,  and  declared, 
and  do,  by  these  presents,  for  us,  our  heirs,  and  successors,  will,  grant, 
and  declare,  that  the  said  Lindsay  Wood,  and  such  others  of  our  loving 
subjects  as  are  now  Members  of  the  said  Society,  and  such  others  as  shall 
from  time  to  time  hereafter  become  Members  thereof,  according  to  such 
Bye-laws  as  shall  be  made  as  hereinafter  mentioned,  and  their  successors, 
shall  for  ever  hereafter  be,  by  virtue  of  these  presents,  one  body,  politic 
and  corporate,  by  the  name  of  "The  North  of  England  Ixstitutk  of 
Mining  and  Mechanical  Exgineers,"  and  by  the  name  aforesaid  shall 
have  perpetual  succession  and  a  Common  Seal,  with  full  power  and 
authority  to  alter,  vary,  break,  and  renew  the  same  at  their  discretion,  and 
by  the  same  name  to  sue  and  be  sued,  impLad  and  be  impleaded,  answer 
and  be  answered  unto,  in  every  Court  of  us,  our  heu'S  and  successors,  and 
be  for  ever  able  and  capable  in  the  law  to  purchase,  acquire,  receive,  pos- 
sess, hold,  and  enjoy  to  them  and  their  successors  any  goods  and  chattels 
whatsoever,  and  also  be  able  and  cajjable  in  the  law  (notwithstanding  the 
statutes  of  mortmain)  to  purchase,  acquire,  possess,  hold  and  enjoy  to 
them  and  their  successors  a  hall  or  house,  and  any  such  other  lands,  tene- 
ments, or  hereditaments  whatsoever,  as  they  may  deem  requisite  for  the 
purposes  of  the  Society,  the  yearly  value  of  which,  including  the  site  of 
the  said  hall  or  house,  shall  not  exceed  in  the  whole  the  sum  of  three 
thousand  pounds,  computing  the  same  respectively  at  the  rack  rent  whict 
might  have  been  had  or  gotten  for  the  same  respectively  at  the  time  of 
the  purchase  or  acquisition  thereof.  And  we  do  hereby  grant  our 
especial  license  and  authority  unto  all  and  every  person  and  persons  and 
bodies  politic  and  corporate,  otherwise  competent,  to  grant,  sell,  alien, 
convey  or  devise  in  mortmain  unto  and  to  the  use  of  the  said  Society  and 
theii'  Buccessors,  any  lands,  tenements,  or  hereditaments  not  exceeding 
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with  the  lands,  tenements  or  hereditaments  so  purchased  or  previously 
acquired  such  annual  value  as  aforesaid,  and  also  any  moneys,  stocks, 
securities,  and  other  personal  estate  to  be  laid  out  and  disposed  of  in 
the  purchase  of  any  lands,  tenements  or  hereditaments  not  exceeding  the 
like  annual  value.  And  we  further  will,  grant,  and  declare,  that  the 
said  Society  shall  have  full  power  and  authority,  from  time  to  time,  to 
sell,  grant,  demise,  exchange  and  dispose  of  absolutely,  or  by  way  of 
mortgage,  or  otherwise,  any  of  the  lands,  tenements,  hereditaments  and 
possessions,  wherein  they  have  any  estate  or  interest,  or  which  they  shall 
acquire  as  aforesaid,  but  that  no  sale,  mortgage,  or  other  disposition  of  any 
lands,  tenements,  or  hereditaments  of  the  Society  shall  be  made,  except 
with  the  approbation  and  concurrence  of  a  General  Meeting,  And  our  will 
and  pleasure  is,  and  we  further  grant  and  declare  that  for  the  better  rule 
and  government  of  the  Society,  and  the  direction  and  management  of  the 
concerns  thereof,  there  shall  be  a  Council  of  the  Society,  to  be  appointed 
from  among  the  Jlembers  thereof,  and  to  include  the  President  and  the 
Vice-Presidents,  and  such  other  office-bearers  or  past  office-bearers  as  may 
be  directed  by  such  Bye-laws  as  hereinafter  mentioned,  but  so  that  the 
Council,  including  all  ex-offiao  Members  thereof,  shall  consist  of  not  more 
than  forty  or  less  than  twelve  Members,  and  that  the  Vice-Presidents  shall 
be  not  more  than  six  or  less  than  two  in  number.  Akd  we  do  hereby 
FURTHER  will  and  declare  that  the  said  Lindsay  Wood  shall  be  the  first 
President  of  the  Society,  and  the  persons  now  being  the  Vice-Presidents, 
and  the  Treasurer  and  Secretary,  shall  be  the  first  Vice-Presidents,  and 
the  first  Treasurer  and  Secretary,  and  the  persons  now  being  the  Members 
of  the  Council  shall  be  the  first  Members  of  the  Council  of  the  Society, 
and  that  they  respectively  shall  continue  such  until  the  first  election  shall 
be  made  at  a  General  Meeting  in  pureuance  of  these  presents.  And  we 
DO  HEREBY  FURTHER  will  and  declare  that,  subject  to  th-:;  powers  by 
these  presents  vested  in  the  General  Meetings  of  the  Society,  the  Council 
shall  have  the  management  of  the  Society,  and  of  the  income  and  property 
thereof,  including  the  appointment  of  officers  and  servants,  the  definition 
of  their  duties,  and  the  removal  of  any  of  such  officers  and  servants,  and 
generally  may  do  all  such  acts  and  deeds  as  they  shall  deem  necessary  or 
fitting  to  be  done,  in  order  to  carry  into  full  operation  and  effect  the 
objects  and  purposes  of  the  Society,  but  so  always  that  the  same  be  not 
inconsistent  with,  or  repugnant  to,  any  of  the  provisions  of  this  our 
Charter,  or  the  Laws  of  our  Eealm,  or  any  Bye-law  of  the  Society  in  force 
for  the  time  being.  And  we  do  further  will  and  declare  that  at  any 
General  Meeting  of  the  Society,  it  shall  be  lawful  for  the  Society,  subject 
as  hereinafter  mentioned,  to  make  such  Bye-laws  as  to  them  shall  seem 
necessary  or  proper  for  the  regulation  and  good  government  of  the  Society, 
and  of  the  Members  and  affairs  thereof,  and  generally  for  carrying  the 
objects  of  the  Society  into  full  and  complete  effect,  and  particularly  (and 
without  its  being  intended  hereby  to  prejudice  the  foregoing  generality), 
to  make  Bye-laws  for  all  or  any  of  the  purposes  hereinafter  mentioned, 
that  is  to  say  :  for  fixing  the  number  of  Vice-Presidents,  and  the  number 
of  Members  of  which  the  Council  shall  consist,  and  the  manner  of  electing 
the  President  and  Vice-Presidents,  and  other  Members  of  the  Council, 
and  the  period  of  theii-  continuance  in  office,  and  the  manner  and  time 
of  supplying  any  vacancy  therein  ;  and  for  regulating  the  times  at  which 
General  Meetings  of  the  Society  and  Meetings  of  the  Council  shall  be  held. 
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and  for  con\  eiiing  the  same  aiid  recjnlating  the  proceedings  thereat,  and 
for  regulating  tlie  manner  of  admitting  persons  to  be  Members  of  the 
Society,  and  of  removing  or  expelling  Members  from  the  Society,  and 
for  imposing  reasonable  tines  or  penalties  for  non-performance  of  any 
such  Bye-laws,  or  for  disobedience  theieto,  and  from  time  to  time  to 
annul,  alter,  or  change  any  such  Bye-laws  so  always  that  all  Bye- 
laws  to  be  made  as  aforesaid  be  not  repugnant  to  these  presents,  or  to 
any  of  the  laws  of  our  Realm.  And  we  do  further  will  and  declare 
that  the  present  Rules  and  Regulations  of  the  Society,  so  far  as  they 
are  not  inconsistent  with  these  presents,  shall  continue  in  force,  and 
be  deemed  the  Bye-laws  of  the  Society  until  the  same  shall  be  altered 
by  a  General  Meeting,  provided  always  that  the  present  Rules  and  Regu- 
lations of  the  Society  and  any  future  Bye-laws  of  the  Society  so  to  be 
made  as  aforesaid  shall  have  no  force  or  eil'ect  whatsoever  until  the  same 
shall  have  been  approved  in  writing  by  our  Secretary  of  State  for  the 
]  lome  Department.  In  witness  whereof  we  have  caused  these  our 
Letters  to  be  made  Patent. 

Witness   Ourself  at  our    Palace,  at  Westminster,  the  28th  day  of 
November,  in  the  fortieth  year  of  our  reign. 

By  Her  Majesty's  Command. 

CARDEW. 
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L — Constitution. 

1. — The  North  of  England  Institute  of  Mining  and  Mechanical 
Engineers  shall  consist  of  Members,  Associate  Members  and  Honorary 
Members.  The  Institute  shall  in  addition  comprise  Associates  and 
Students. 

2. — The  Officers  of  the  Institute,  other  than  the  Treasurer  and  the 
Secretary,  shall  be  elected  from  the  Members  and  Associate  Members, 
and  shall  consist  of  a  President,  six  Vice-Presidents,  and  eighteen 
Councillors,  who,  with  the  Treasurer  and  the  Secretary  (if  Members  of 
the  Institute)  shall  constitute  the  Council. 

All  Past-Presidents  shall  be  ex-officio  Members  of  the  Council,  so  long 
as  they  continue  Members  or  Associate  Members  of  the  Institute ;  and 
Yice-Presidents  who  have  not  been  re-elected  or  have  become  ineligible 
from  having  held  office  for  three  consecutive  years,  shall  be  ex-officlo 
Members  of  the  Council  for  the  following  year. 

II. — Qualifications  of  Members,  Associate  Members,  Honorary 
Members,  Associates  and  Students. 

3. — Members. — Every  candidate  for  admission  into  the  class  of 
Members,  or  for  transfer  into  that  class,  shall  come  within  the  following 
conditions : — He  shall  be  more  than  twenty-three  years  of  age,  have  been 
regularly  educated  as  a  Mining  or  Mechanical  Engineer,  or  in  some  other 
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branch  of  Engineering,  according  to  the  usual  routine  of  pupilage,  and 
have  had  subsequent  employment  for  at  least  two  years  in  some  respon- 
sible situation  as  an  Engineer,  or  if  he  has  not  undergone  the  usual 
routine  of  pupilage,  he  must  have  been  employed  or  have  practised  as 
an  Engineer  for  at  least  five  years.  This  class  shall  also  comprise  every 
person  who  was  an  Ordinary  Member,  Life  Member,  or  Student  on  the 
first  of  August,  1877. 

4. — Associate  Members  shall  be  persons  connected  with  or  interested 
in  Mining  or  Engineering,  and  not  practising  as  Mining  or  Mechanical 
Engineers,  or  in  some  other  branch  of  Engineering. 

5, — Honorary  Members  shall  be  persons  who  have  distinguished 
themselves  by  their  literary  or  scientific  attainments,  or  who  have  made 
important  communications  to  the  Society. 

6. — Associates  shall  be  persons  acting  as  under- viewers,  under- 
managers,  or  in  other  subordinate  positions  in  mines,  or  employed  in 
analogous  positions  in  other  branches  of  Engineering. 

7. — Students  shall  be  persons  who  are  qualifying  themselves  for  the 
profession  of  Mining  or  Mechanical  Engineering,  or  other  branch  of 
Engineering,  and  such  persons  may  continue  Students  until  they  attain 
the  age  of  twenty-five  years. 

III. — Election  and  Expulsion  of  Members. 

8. — Any  person  desirous  of  becoming  a  Member,  an  Associate  Member, 
an  Associate  or  a  Student,  shall  be  proposed  according  to  the  proper 
Form  in  the  Appendix,  in  wliich  Form  the  name,  usual  residence,  and 
qualifications  of  the  candidate  shall  be  distinctly  specified.  The  Form 
must  be  signed  by  the  proposer  and  at  least  two  other  Members  or 
Associate  Members,  certifying  a  personal  knowledge  of  the  candidate, 
who  shall  himself  sign  the  undertaking  contained  therein. 

Any  person  qualified  to  become  an  Honorary  Member  shall  be  proposed 
according  to  the  proper  Form  in  the  Appendix,  in  which  Form  the  name, 
usual  residence,  and  qualifications  of  the  candidate  shall  be  distinctly 
stated.  This  Form  must  be  signed  by  the  proposer  and  at  least  five  other 
Members  or  Associate  il embers,  certifying  a  personal  knowledge  of  the 
candidate,  who  shall  himself  sign  the  undertaking  contained  therein,  and 
the  Council  shall  have  the  power  of  defining  the  time  during  which, 
and  the  circumstances  under  which  the  candidate  shall  be  an  Honorary 
Member. 

Any  Associate  or  Student  desirous  of  becoming  a  Member,  shall  be 
proposed  and  recommended  according  to  the  proper  Form  in  the  Appen- 
dix, in  which  Form  the  name,  usual  residence,  and  qualifications  of  the 
candidate  shall  be  distinctly  specified.  This  Form  must  be  signed  by  the 
proposer  and  at  least  two  other  Members  or  Associate  Members, 
certifying  a  personal  knowledge  of  the  candidate,  who  shall  himself  sign 
the  undertaking  contained  therein,  and  the  proposal  shall  then  be  treated 
in  the  manner  hereinafter  described. 

Every  proposal  shall  be  delivered  to  the  Secretary,  and  by  him  sub- 
mitted to  the  next  meeting  of  the  Council,  who,  on  approving  the  qnali- 
fications,  shall  determine  if  the  candidate  is  to  be  presented  for  ballot, 
and  if  it  is  so  determined,  the  Chairman  of  the  Council  shall  sign  such 
proposal.  The  same  shall  be  read  at  the  next  Ordinary  General  Meeting, 
and  afterwards  be  exhibited  in  the  Institute's  Hall  until  the  following 
Ordinary  General  Meeting,  when  the  candidate  shall  be  balloted  for. 
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A  Student  may  become  an  Associate  at  any  time  after  attaining  the 
age  of  twenty-one  years. 

9. — Tlie  balloting  shall  be  conducted  in  the  following  manner  : — Each 
Member  or  Associate  Member  attending  the  meeting,  at  which  a  ballot  is 
to  take  place,  shall  be  supplied  (on  demand)  with  a  list  of  the  names  of  the 
persons  to  be  balloted  for,  according  to  the  proper  Form  in  the  Appendix, 
and  shall  strike  out  the  names  of  such  candidates  as  he  desires  shall  not 
be  elected,  and  return  the  list  to  the  scrutineers  appointed  by  the  presiding 
Chau'man  for  the  purpose,  and  such  scrutineers  shall  examine  the  lists  so 
returned,  and  inform  the  meeting  what  elections  have  been  made.  No 
candidate  shall  be  elected  unless  he  secures  the  votes  of  two-thirds  of  the 
Members  and  Associate  Members  voting. 

10. — Notice  of  election  shall  be  sent  to  every  person  within  one  week 
after  his  election,  according  to  the  proper  Form  in  the  Appendix,  and  the 
person  elected  shall  send  the  amount  of  his  annual  subscription,  or  life 
composition,  within  four  months  from  the  date  of  such  election,  which 
otherwise  shall  become  void. 

11. — Every  Member  having  signed  a  declaration  according  to  the 
proper  Form  in  the  Appendix,  and  having  likewise  made  the  proper 
payment,  shall  receive  a  certificate  of  his  election,  according  to  the  proper 
Form  in  the  Appendix. 

12. — Any  Member,  Associate  Member,  Associate  or  Student  elected 
at  any  meeting  between  the  Annual  Meetings  shall  be  entitled  to  all 
Transactions  issued  in  the  Institute's  year,  so  soon  as  he  has  signed  and 
returned  a  declaration  according  to  the  proper  Form  in  the  Appendix, 
and  paid  his  subscription. 

13. — The  Transactions  of  the  Institute  shall  not  be  forwarded  to  those 
whose  subscriptions  are  in  arrear  on  the  first  of  November  in  each  year. 

14. — Any  person  whose  subscription  is  more  than  one  year  in  arrear 
shall  be  reported  to  the  Council,  who  shall  direct  application  to  be  made 
for  it,  according  to  the  proper  Form  in  the  Appendix,  and  in  the  event  of 
its  continuing  one  month  in  arrear  after  such  application,  the  Council 
shall  have  the  power,  after  remonstrance  by  letter  to  his  last  recorded 
address  in  the  books  of  the  Society,  according  to  the  proper  Form  in  the 
Appendix,  of  declaring  that  the  defaulter  has  ceased  to  be  a  Member. 

1.5. — In  case  the  expulsion  of  any  person  shall  be  judged  expedient 
by  ten  or  more  Members  or  Associate  Members,  and  they  think  fit  to 
draw  up  and  sign  a  proposal  requiring  such  expulsion,  the  same  being 
delivered  to  the  Secretary,  shall  be  by  him  laid  before  the  next  meeting 
of  the  Council  for  consideration.  If  the  Council,  after  due  inquiry,  do  not 
find  reason  to  concur  in  the  proposal,  no  entry  thereof  shall  be  made  in  any 
minutes,  nor  shall  any  public  discussion  thereon  be  permitted,  unless  by 
requisition  signed  by  one-half  of  the  Members  or  Associate  Members 
of  the  Institute  ;  but  if  the  CouucU  do  find  good  reason  for  the  proposed 
expulsion,  they  shall  direct  the  Secretary  to  address  a  letter,  according  to 
the  proper  Form  in  the  Appendix,  to  the  person  proposed  to  be  expelled, 
advising  him  to  withdraw  from  the  Institute.  If  that  advice  be  followed, 
no  entry  on  the  minutes  nor  any  public  discussion  on  the  subject  shall  be 
permitted  ;  but  if  that  advice  be  not  followed,  nor  an  explanation  given 
which  is  satisfactory  to  the  Council,  they  shall  call  a  General  Meeting  for 
the  purpose  of  deciding  on  the  question  of  expulsion  ;  and  if  a  majority  of 
the  Members  and  Associate  Members  present  at  such  meeting  (provided 
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the  number  so  present  be  not  less  than  forty)  vote  that  such  person  be 
expelled,  the  Chairman  of  that  meeting  shall  declare  the  same  accord- 
ingly, and  the  Secretary  shall  communicate  the  same  to  the  person, 
according  to  the  proper  Form  in  the  Appendix. 

IV. — Subscriptions. 

16. — The  annual  subscription  of  each  Member  and  Associate  Member 
shall  be  £2  2s.,  of  each  Associate  and  Student  £1  5s.,  payal)le  in 
advance,  and  shall  be  considered  due  on  election,  and  afterwards  on  the 
first  Saturday  in  August  of  each  year. 

17. — Any  Member,  Associate  Member,  Associate  or  Student  may,  at 
any  time,  compound  for  all  future  subscriptions  by  a  payment  in acocdi- 
ance  with  the  following  scale  : — 

Under  30  years  of  age,  the  sum  of  £31 
Over  30  „  „  „  27 

„     40  „  „  ,.  24 

„     50  „  .,  ..  21 

■>,     ^>0  „  ,,  „  17 

or  on  such  other  conditions  as  the  Council  may,  in  writing,  accept.  Every 
person  so  compounding  shall  be  a  Member,  Associate  Member,  Associate 
or  Student  for  life,  as  the  case  may  be.  Any  Associate  Member,  Associate 
or  Student  so  compounding  who  may  afterwards  be  qualified  to  become  a 
Member,  may  do  so,  by  election  in  the  manner  described  in  Bye-law  8. 
All  compositions  shall  be  deemed  capital  money  of  the  Institute. 

18. — In  case  any  Member,  Associate  Member  or  Associate,  who  has 
been  long  distinguished  in  his  professional  career,  becomes  unable,  from 
ill-health,  advanced  age,  or  other  sufficient  cause,  to  carry  on  a  lucrative 
practice,  the  Council  may,  on  the  report  of  a  Sub-Committee  appointed 
by  them  for  that  purpose,  if  they  find  good  reason  for  the  remission  of 
the  annual  subscription,  so  remit  it.  They  may  also  remit  any  arrears 
which  are  due  from  a  Member,  or  they  may  accept  from  him  a  collection 
of  books,  or  drawings,  or  models,  or  other  contributions,  in  lieu  of  the 
composition  mentioned  in  Bye-law  17,  and  may  thereupon  release  him 
from  any  or  all  future  subscriptions,  and  permit  him  to  resume  his  former 
rank  in  the  Institute. 

19. — Owners  of  Collieries,  Engineers,  Manufacturers,  Railway  Com- 
panies, and  Employers  of  labour  generally,  may  subscribe  annually  to  the 
funds  of  the  Institute,  and  each  such  subscriber  of  £2  28.  annually  shall 
be  entitled  to  tickets  to  admit  two  persons  to  the  rooms,  library,  meetings, 
lectures,  and  public  proceedings  of  the  Society  ;  and  for  every  additional 
£2  2s.,  subscribed  annually,  two  other  persons  shall  be  admissible  ;  and 
each  such  subscriber  shall  also  be  entitled  for  each  £2  2s.  subscription 
to  have  a  copy  of  the  Transactions  of  the  Institute  sent  to  him. 

V. — Election  of  Officers. 

20. — The  President,  Vice-Presidents,  and  Councillors  shall  be  elected 
at  the  Annual  Meeting  in  August  (except  in  cases  of  vacancies)  and  shall 
be  eligible  for  re-election  to  any  office,  with  the  exception  of  any  President 
who  may  have  held  office  for  the  two  immediately  preceding  years,  or 
Vice-President  who  may  have  held  office  for  the  three  immediately 
preceding  years,  and  such  six  Councillors  as  may  have  attended  the  fewest 
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Council  Meetings  during  the  past  year,  and  wlien  any  such  attendances 
are  equal,  the  Council  shall  decide  between  them  ;  but  any  such  Member 
or  Associate  Member  shall  be  eligible  for  re-election  after  being  one  year 
out  of  office. 

Any  Retiring  Vice-President  or  Councillor  who  may  be  ineligible  for 
re-election  shall  nevertheless  be  eligible  to  any  other  office. 

21. — Each  Member  and  Associate  Member  shall  be  at  liberty  to 
nominate  in  writing,  and  send  to  the  Secretary  not  less  than  eight  days 
prior  to  the  Ortlinary  Geueral  Meeting  in  June,  a  list,  duly  signed,  of 
Members  and  Associate  ^lembers  suitable  to  fill  the  offices  of  President, 
Vice-Presidents,  and  Members  of  Council  for  the  ensuing  year.  The 
Council  shall  prepare  a  list  of  the  persons  so  nominated,  together  with 
the  names  of  the  Officers  for  the  current  year  eligible  for  re-election,  and 
of  such  other  Members  and  Associate  Members  as  they  deem  suitable  for  the 
various  offices.  Such  list  shall  comprise  the  names  of  not  less  than  thirty 
persons.  The  list  so  prepared  by  the  Council  shall  be  submitted  to  the 
Ordinary  General  Meeting  in  June,  and  shall  be  the  balloting  list  for  the 
annual  election  in  August.  (See  proper  Form  in  the  Appendix.)  A  copy  of 
this  list  shall  be  posted  at  least  seven  days  previous  to  the  Annual  Meeting 
to  every  ]\Iember  and  Associate  Member,  who  may  erase  any  name  or 
names  from  the  list,  and  substitute  the  name  or  names  of  any  other 
Member  or  Associate  Member  eligible  for  each  respective  office  ;  but  the 
number  of  names  on  the  list,  after  such  erasure  or  substitution,  must  not 
exceed  the  number  to  be  elected  to  the  respective  offices.  Papers  which 
do  not  accord  with  these  directions  shall  be  rejected  by  the  scrutineers. 
The  votes  for  any  Member  who  may  not  be  elected  President  or  Vice- 
Presidents  shall  count  for  them  as  Members  of  the  Council,  but  in  no 
case  shall  he  receive  more  than  one  vote  from  each  voter.  The  Chairman 
shall  appoint  four  scrutineers,  who  shall  receive  the  balloting  papers,  and, 
after  making  the  necessary  scrutiny,  destroy  the  same,  and  sign  and  hand 
to  the  Chairman  a  list  of  the  elected  Officers.  The  balloting  papers  may 
be  returned  through  the  post,  addressed  to  the  Secretary,  or  be  handed  to 
him,  or  to  the  Chairman  of  the  meeting,  so  as  to  be  received  before  the 
appointment  of  the  scrutineers  for  the  election  of  Officers. 

22. — In  case  of  the  decease,  expulsion,  or  resignation  of  any  Officer  or 
Officers,  the  Council,  if  they  deem  it  requisite  that  the  vacancy  shall  be 
filled  up,  shall  present  to  the  next  Ordinary  General  Meeting  a  List  of 
persons  whom  they  nominate  as  suitable  for  the  vacant  office  or  offices, 
and  a  new  Officer  or  Officers  shall  be  elected  at  the  first  succeeding 
Ordinary  General  Meeting. 

23. — The  Treasurer  and  the  Secretary  shall  be  appointed  by  the  Council, 
and  shall  be  removable  by  the  Council,  subject  to  appeal  to  a  General 
Meeting.     One  and  the  same  person  may  hold  both  these  ofTices. 

VI. — Duties  of  the  Officers  and  Council. 

24. — The  President  shall  take  the  chair  at  all  meetings  of  the  Institnto, 
the  Council,  and  Committees,  at  which  he  is  present  (he  being  ex-officio  a 
memi)er  of  all),  and  shall  regulate  and  keep  order  in  the  proceedings. 

2.5. — In  the  absence  of  the  President,  it  shall  be  the  duty  of  the  senior 
Vice-President  present  to  preside  at  the  meetings  of  the  Institute,  to 
keep  order,  and  to  regulate  the  proceedings.     In  case  of  the  absence  dt 
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the  President  and  of  all  the  Vice-Presidents,  the  meeting  may  elect  any 
Member  of  Council,  or  in  case  of  their  absence,  any  Member  or  Associate 
Member  present,  to  take  the  chair  at  the  Meeting. 

26. — At  Meetings  of  the  Council,  five  shall  be  a  quorum.  The  minutes 
of  the  Council's  proceedings  shall  be  at  all  times  open  to  the  inspection 
of  the  Members  and  Associate  Members. 

27. — The  Treasurer  and  the  Secretary  shall  act  under  the  direction  and 
control  of  the  Council,  by  which  body  their  duties  shall  from  time  to 
time  be  defined. 

28. — The  Council  may  appoint  Committees  for  the  purpose  of  tran- 
sacting any  particular  business,  or  of  investigating  any  specific  subject 
connected  with  the  objects  of  the  Institute.  Such  Committees  shall 
make  a  report  to  the  Council,  who  shall  act  thereon,  and  make  use  thereof 
as  they  see  occasion. 

VII. — Communications  and  Memoirs. 

29. — All  papers  shall  be  sent  for  the  approval  of  the  Council  at  least 
twenty-one  days  before  a  General  Meeting,  and  after  approval,  shall  be 
read  before  the  Institute.  The  Council  shall  also  direct  whether  any 
paper  read  before  the  Institute  shall  be  printed  in  the  Transactions,  and 
immediate  notice  shall  be  given  to  the  writer  whether  it  is  to  be  printed 
or  not. 

30. — The  copyright  of  all  papers  communicated  to,  and  accepted  for 
printing  by  the  Council,  and  printed  within  twelve  mouths,  shall  become 
vested  in  the  Institute,  and  such  communications  shall  not  be  published 
for  sale  or  otherwise,  without  the  written  permission  of  the  Council. 

31. — Twenty  copies  of  each  paper  printed  by  the  Institute  shall  be 
presented  to  the  author  for  private  use. 

32. — All  proofs  of  reports  of  discussions,  forwarded  to  any  pei'son  for 
correction,  must  be  returned  to  the  Secretary  within  seven  days  from  the 
date  of  their  receipt,  otherwise  they  will  be  considered  correct  and  be 
printed  off. 

83. — The  Institute  is  not,  as  a  body,  responsible  for  the  statements  and 
opinions  advanced  in  the  papers  which  may  be  read,  nor  in  the  discussions 
which  may  take  place  at  the  meetings  of  the  Institute. 

VIII. — Mketings  of  the  Institute. 

84. — An  Ordinary  General  Meeting  shall  be  held  on  the  first  Saturday 
of  every  month  (except  January  and  July)  at  two  o'clock,  unless  other- 
wise determined  by  the  Council ;  and  the  Ordinary  General  Meeting  iu 
the  month  of  August  shall  be  the  Annual  Meeting,  at  which  a  report  of 
the  proceedings,  and  an  abstract  of  the  accounts  of  the  previous  year, 
shall  be  presented  by  the  Council. 

35. — All  donations  to  the  Institute  shull  be  acknowledged  in  the 
Annual  Report  of  the  Council. 

36. — A  Special  General  Meeting  shall  be  called  whenever  the  Council 
may  think  fit,  and  also  on  a  requisition  to  the  Council,  signed  by  ten  or 
more  Members  or  Associate  Members.  The  business  of  a  Special  Meeting 
shall  be  confined  to  that  specified  in  the  notice  convening  it. 

37. — The  Members,  Associate  Members,  Honorary  Members,  Associates 
and  Students,  shall  have  notice  of,  and  the  privilege  to  attend,  all 
Oi'dinary  General  Meetings  and  Special  Meetings. 
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S8. — Every  question,  not  otherwise  provided  for,  which  shall  come 
before  aay  meeting,  shall  be  decided  by  the  votes  of  the  majority  of  the 
Membei*s  and  Associate  ]\Iembers  then  present. 

39, — Invitations  shall  be  forwarded  to  any  person  whose  presence  at 
the  discussions  the  Council  may  think  advisable,  and  strangers  so  invited 
shall  be  permitted  to  take  part  in  the  proceedings  but  not  to  vote. 

Any  Member  or  Associate  Member  shall  have  power  to  introduce  two 
strangers  (see  proper  Form  in  the  Appendix)  to  any  General  Meeting,  but 
they  shall  not  take  part  in  the  proceedings  except  by  permission  of  the 
meeting. 

IX. — Property  of  the  Institute. 

40. — The  Funds  of  the  Society  shall  be  deposited  in  the  hands  of  the 
Treasurer,  and  shall  be  disbursed  or  invested  by  him  according  to  the 
direction  of  the  Council. 

41. — The  Institute  Hall  and  Reading  Room  shall  be  open  to  the 
Members,  Associate  Members,  Honorary  Members,  Associates  and 
Students  on  every  week  day,  from  10  a.m.  to  5  p.m.,  except  on  such 
special  day  or  days  when  the  Council  shall  think  it  exjjedient  to  close  the 
rooms  and  suspend  the  circulation  of  Books.  Books  shall  be  issued 
according  to  regulations  from  time  to  time  approved  by  the  Council. 

42. — No  duplicate  copies  of  any  portion  of  the  Transactions  shall  be 
issued  to  any  Member,  Associate  Member,  Associate  or  Student,  unless 
by  order  from  the  Council. 

X. — Alteration  of  Bye-laws. 

43. — No  alteration  shall  be  made  in  the  Bye-laws  of  the  Institute, 
except  at  the  Annual  Meeting,  or  at  a  Special  Meeting  for  that  purpose, 
and  the  particulars  of  every  such  alteration  shall  be  announced  at  a 
previous  Ordinary  Meeting,  and  inserted  in  its  minutes,  and  shall  be 
exhibited  in  the  room  of  the  Institute  fourteen  days  previous  to  such 
Annual  or  Special  Meeting,  and  such  Meeting  shall  have  power  to  adopt 
any  modification  of  such  proposed  alteration  of  the  Bye-laws. 

1  hereby  approve  the  foregoing  Bye-laws. 

M.  W.  RIDLEY, 
One  of  Her  Majesty's  Principal  Secretabies  of  Statk. 
Whifr'.haU, 

iiSrd  SejJtember,  1S98. 

APPENDIX  TO  THE  BYE-LAWS. 


FORM  A,  Member  or  Honoraey  Member. 
A.  B.   [Christian  Name,   Surname,   Occupation,  and  Address   in  full],  born  on 

the day  of 189         ,  being  desirous  of  belonging  to 

The  North  of  England  Institute  of  Mining  and  Mechanical  Engineers,  I  recommend 
him,  from  personal  knowledge,  as  a  person  in  every  respect  worthy  of  that  distinc- 
tion, because — 

[Ixorc  speeify  distinctly  the  qnalificatioiis  of  the  Candidate,  according  to  the  spirit 

of  Bye-laws  3  or  S-l 

On  the  above  grounds,  I  propose  him  to  the  Council  as  a  proper  person  to  belong 
to  the  Institute. 

Signed Member  or  Associate  Member. 

Dated  this day  of 189 
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We,  the  undersigned,  concur  in  the  above  recommendation,  from  personal  know- 
ledge, being  convinced  that  A.  B.  is  in  every  respect  a  proper  person  to  belong  to 
the  Institute. 

}Two  Members  or  Associate 
Members,  or  by  Five  Members 
or  Associate  Members  in  the 
case  of  the  nomination 
of  an  Honorary  Member. 


[Unde7'taking  to  be  isigned  hy  the  Candidate. '\ 
I,  the  undei'signed,  do  hereby  promise  that,  in  the  event  of  my  election,  I  will  be 
governed  by  the  Koyal  Charter  and  Bye-laws  of  the  Institute  for  the  time  being,  or 
as  they  may  hereafter  be  altered,  amended,  or  enlarged  under  the  powers  of  the  said 
Royal  Charter ;  and  that  I  will  promote  the  objects  of  the  Institute  as  far  as  may 
be  in  my  powei-,  and  will  not  aid  in  any  unauthorised  publication  of  the  proceedings, 
aiid  will  attend  the  meetings  thereof  as  often  as  I  conveniently  can;  provided  that 
whenever  I  shall  signify  in  writing  to  the  Secretary  that  I  am  desirous  of  with- 
drawing my  name  therefrom,  I  shall  (after  the  payment  of  any  arrears  which  may 
be  due  by  me  at  that  period)  cease  to  belong  to  the  Institute, 

Signed 

Dated  this day  of 189 


\_Te  he  filed  up  htj  the  Council.] 
The  Council,  having  considered  the  above  recommendation,  present  A.  B.  to  be 

balloted  for  as  a Member  of  The  North  of  England  Institute  ol 

Mining  and  Mechanical  Engineers. 

Signed Chairman. 

Nominated  at  the  Ordinary  General  Meeting    idy 

Passed  by  the  Council  ...  189 

Elected  at  the  Ordinary  General  Meeting 189      .    Age, years. 


FORM  B,  Associate  Member,  Associate  or  Student. 

A.  B.  [Christian  Name,  Surname,  Occupation,  and  Address  in  full],  born  on 

the day  of 189       ,  being  desirous  of  belonging  to 

The  North  of  England  Institute  of  Mining  and  Mechanical  Engineers,  I  recom- 
mend him,  from  personal  knowledge,  as  a  person  in  every  respect  worthy  of 
that  distinction,  and  propose  him  to  the  Council  as  a  proper  person  to  belong  to 
the  Institute. 

Signed Member  or  Associate  Member. 

Dated  this day  of 189 

We,  the  undersigned,  concur  in  the  above  recommendation,  from  personal 
knowledge,  being  convinced  that  A.  B.  is  in  every  respect  a  proper  person  to 
belong  to  the  Institute. 

!Two  Members 
or 
Associate  Members. 


[  Undertaking  to  be  signed  hy  the  Candidate."] 
I,  the  undersigned,  do  hereby  promise  that,  in  the  event  of  my  election,  I  will  be 
governed  by  the  Royal  Charter  and  Bye-laws  of  the  Institute  for  the  time  being,  oi 
as  they  may  hereafter  be  altered,  amended,  or  enlarged  under  the  powers  of  the  said 
R  >yal  Charter;  and  that  I  will  promote  the  objects  of  the  Institute  as  far  as  may 
be  in  my  power,  and  will  not  aid  in  any  unauthorised  publication  of  the  proceedings, 
and  will  attend  the  meetings  thereof  as  often  as  I  conveniently  can ;  provided  that 
whenever  I  shall  signify  in  writing  to  the  Secretary  that  I  am  desirous  of  with- 
drawing my  name  therefrom,  I  shall  (after  the  payment  of  any  arrears  which  may 
be  due  by  me  at  that  period)  cease  to  belong  to  the  Institute. 

Signed 

Dated  thig day  of „ ISO      . 
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[2V>  be  filled  up  by  the  Comidl.'] 
The  Council,  having  considered  the  above  recommendation,  present  A.  B.  to  be 

balloted  for  as  a of  The  North  of  England  Institute  of  Mining 

and  Mechanical  Engineers. 

Signed Chai  rmau. 

Nominated  at  the  Ordinary  General  Meeting    189 

Passed  by  the  Council   189 

Elected  at  the  Ordinary  General  Meeting    189       .    Age, years 


FOKM  C,  Transfer  to  Member  or  Associate  Member. 
A.  B.  [Christian  Name,  Surname,  Occupation,  and  Address  in  full],  bom  on 

the day  of 189       ,  at  present  a 

of  The  North  of  England  Institute  of   Mining  and  Mechanical  Engineers,  being 

desirous  of  becoming  a Member  of  the  said  Institute,  I  recommend 

him.   from   persoiial  knowledge,   as   a   peison   in   every   respect   worthy  of    that 
distinction,  because — 

\  Here  specify  distinctly  the  qualifications  ofthi  Candidate,  according  to  the  spirit 
of  Btte-laws  3  and  4.] 
On   the  above  grounds,  I  propose  him  to  the  Council  as  a  proper  person  to  be 

admitted  a Member. 

Signed Member  or  Associate  Member. 

Dated  this day  of 189 

We,  the  undersigned,  concur  in  the  above  recommendation,  from  personal  know- 
ledge,   being    convinced    that    A.    B.   is   in   every  respect   a   proper  person  to  be 

admitted  a... Member. 

)       Two  Members 


Associate  Members. 


\_UndertaTi7ng  to  be  signed  by  the  Candidate,'] 
I,  the  undersigned,  do  hereby  promise  that,  in  the  event  of  my  election,  I  will  be 
governed  by  the  Royal  Charter  and  Bye-laws  of  the  Institute  for  the  time  being,  or 
as  they  may  hereafter  be  altered,  amended,  or  enlarged  under  the  powers  of  the  said 
Royal  Charter;  and  that  I  will  promote  the  objects  of  the  Institute  as  far  as  may 
be  in  my  power,  and  will  not  aid  in  any  unauthorised  publication  of  the  proceedings. 
and  will  attend  the  meetings  thereof  as  often  as  I  conveniently  can ;  provided  that 
whenever  I  shall  signify  in  writing  to  the  Secretary  that  I  am  de.-^irous  of  with- 
drawing my  name  therefrom,  I  shall  (after  the  payment  of  any  arrears  which  may 
oe  due  by  me  at  that  period)  cease  to  belong  to  the  Institute. 

Signed 

Dated  this day  of 189      . 


[To  he  filled  up  by  the  Council.'] 
The  Council,  having  considered  the  above  recommendation,  present  A.  B.  to  be 

balloted  for  as  a Member  of  The  North  of  England  Institute  of  Mining 

and  Mechanical  Engineers. 

Signed Chairman. 

Nominated  at  the  Ordinary  General  Meeting    189 

Passed  by  the  Council   189 

Elected  at  the  Ordinary  General  Meeting 189      .    Age, years 


FORM  D. 

List  of  the  names  of  persons  to  be  balloted  for  at  the  Ordinary  General  Meeting 

the day  of 189      . 

Members  : — 


Associate  Members  : — 
Honorary  Members  :  - 
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associates : — 
Students: — 


Strike  out  the  names  of  such  persons  as  you  desire  should  not  be  elected,  and 
hand  the  list  to  the  Chairman. 


FORM  E. 

SiE, — I  beg  leave  to  inform  you  that  on  the  day  of 

you  were  elected  a of  The  North  of  England  Institute  of  Mining 

and   Mechanical  Engineers.      In  conformity  with  its  Bj^e-laws  your  election  cannot 
be  confirmed  until  your  first  annual  subscription  be  paid,  the  amount  of  which  is 

& ,  or,  at  your  option,  a  life-composition  in  accordance  with  the  following 

scale : — 

Under  30  years  of  age     ...         ...         ...         ...         ...      £.H1 

Over  30     „  „      27 

„     40     „  „       24 

„     50      „  .,       21 

„     60      „  „       17 

If  the  subscription  is  not  received  within  four  months  from  the  present  date,  the 
election  will  become  void  under  Bye-law  10. 

All  annual  subscriptions  are  due  on  the  first  Saturday  in  August  of  each  year. 

I  am,  sir,  yours  faithfully, 
Dated 189         .  Secretary. 


FORM  F. 

The  Nobth  op  England  Institute  of  Mining  and  Mechanical  Engineers. 

Founded  1832.     Incorporated  by  Royal  Charter,  A.D.  1876. 

These  are  to  certify  that  A.   B.  [Christian  Name,  Surname,   Occupation,  and 

Addre.^s  in  full]  was  elected   a  Member    of  The  North  of  England   Institute  of 

Mining  and  Mechanical  Engineers,  at  an  Ordinary  General  Meeting  held  on  the 

day  of 189 

Witness  our  hands  and  seal  this day  of 189 

/""^  President. 

I  Sail  j 

^^_^  Secretary. 


FORM  G. 

SiB, — I  am  directed  by  the  Council  of  The  North  of  England  Institute  of  Minin^ 
and  Mechanical  Engineers  to  draw  your  attention  to  Bye-law  li,  and  to  remind 

you  that  the  sum  of  & of  your  annual  subscriptions  to  the  funds  of  the 

Institute  remains  unpaid,  and  that  you  are  in  consequence  in  arrear  of  subscription. 
I  am  also  directed  to  request  that  you  vdW  cause  the  same  to  be  paid  without 
further  delay,  otherwise  the  Council  will  be  under  the  necessity  of  exercising  their 
discretion  as  to  using  :bc  power  vested  in  them  by  the  Article  above  referred  to. 
1  am,  sir,  yours  faithfully, 

Secretary. 

Dated 189 


FORM  H. 

SiB, — I  am  directed  by  the  Council  of  The  North  of  England  Institute  of  Mining 
aad  Mechanical  Engineers  to  inform  you  that,  in  consequence  of  non-payment  of 
your  arrears  of  subscription,  and  in  pursuance  of  Bye-law  14,  the  Council  have 

determined  that  unless  payment  of  the  amount  £ is  made  previous  to 

the day  of next,  they  will  proceed  to  declare  that 

you  have  ceased  to  be  a  Member  of  the  Institute. 

But,  notwithstanding  this  declaration,  you  will  remain  liable  for  payment  of  the 
arrears  due  from  you. 

I  am,  siir,  yours  faithfully, 

Secretary. 

Dated 189 
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FORM  I. 
SiK,— I  am  directed  by  the  Council  of  The  North  of  England  Institute  of  Mining 
and  Mechanical  Engineers  to  inform  you  that,  upon  mature  consideration  of  a 
proposal  which  has  been  laid  before  them  relative  to  you,  they  feel  it  their  duty  to 
advise  you  to  withdraw  from  the  Institute,  or  otherwise  they  will  be  obliged  to 
not  in  aooordance  wich  Bye-law  15. 

1  am,  sir,  yours  faithfully, 

Secretary. 

Dated 189 


FORM  J. 
Sib, — It  is  my  duty  to  inform  you  that,  under  a  resolution  passed  at  a  Special 
General  Meeting  of  The  North  of  England  Institute  of  Mining  and  Mechanical 

Engineers,  held  on  the day  of 189 ,  according  to 

the  provisions  of  Bye-law  15,  you  have  ceased  to  be  a of  the  Institute. 

I  am,  sir,  yours  faithfully, 

Secretary. 

Dated 189 


FORM  K,  Balloting  List. 

Ballot  to  take  place  at  the  Annual  Meeting  on 189 at  Two  o'clock,  p.m. 

The  names  of  persons  for  whom  the  voter  does  not  vote  must  be  erased,  and 
the  names  of  other  persons  eligible  for  re-election  may  be  inserted  in  their  place, 
provided  the  number  remaining  on  the  list  does  not  exceed  the  number  of  persons 

to  be  elected.  

President — ^Not  more  than  One  Name  to  be  leturned,  or  the  vote 
will  be  lost. 

President  for  the  current  year  eligible  for  re-election* 

V  New  Nominations.*  ^ 

Vice- Pbesidents— Not  more  than  Six  Names  to  be  returned,  or  the  "S 

vote  will  be  lost.  p,  g 

The  Votes  for  any  Member  who  may  not  be  elected  President  _g  c 

or  Vice-Presidents  shall  count  for  them  as  Members  of  the  Council,  -^  t> 

but  in  no  case  shall  he  receive  more  than  one  vote  from  each  voter.     |  ^ 

^^^^11^^  I  Vice-President*   for  the   current   year  eligible  for  re-  5^;  c 
^          election.                                                                                =^  '^..^ 

_§      "=  «  a 

.  New  Nominations.  2 


••  Q  5  «    -" 

Council— Not  more  than  Eighteen  Names  to  be  returned,  or  the  a3  h  S  g  os  '° 

vote  will  be  lost.                                             I  a  w  o  S  :3 

£  o  «  o  S  a 

^  S  (In  ^  S    « 

^  cc  •  !?:  -S    S 

"  a  H  H  -S   o- 

fS  »^  *-<  r.  rt     (» 


-„  &H     ^      f^ 

-a  ^  «  2  ^ 

Members  of  the  Council  for  the  current  year  eligible  for  g  O  m  W  -^ 
re-electiou.                                                                            ^  ^ 

^  3 


New  Nominations. 

*  To  be  inserted  when  necessary. 
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Ex-OpFicio  Members  of  the  Council  for  the  ensuing  year  : — 
Past-  Presidents. 

Retiring  Vice-Presidents. 


Bye-law  21. 

Each  Member  and  Associate  Member  shall  be  at  liberty  to  nominate  In  writing,  and  send  to  thi 
Secretary  not  less  than  eight  days  prior  to  the  Ordinary  General  Meeting  in  June,  a  list,  dulj 
signed,  of  Members  and  Associate  Members  suitable  to  fill  the  offices  of  President,  Vice-Presidents 
and  Members  of  Council  for  the  ensuing  year.  The  Council  shall  prepare  a  list  of  the  person! 
so  nominated,  together  with  the  names  of  the  Officers  for  the  current  year  eligible  for  re-election 
and  of  such  other  Members  and  Associate  Members  as  they  deem  suitaWe  for  the  various  offices 
Such  list  shall  comprise  the  names  of  not  less  than  thirty  persons.  The  list  so  prepared  by  th« 
Council  shall  be  submitted  to  the  ordinary  General  Meeting  in  June,  and  shall  be  the  balloting  lis' 
for  the  annual  election  in  August.  [See  proper  Form  in  the  Aj.pendix.]  A  copy  of  this  list  shall  b' 
posted  at  least  seven  days  previous  to  the  Annual  Meeting  to  every  Member  and  Associate  Member 
who  may  erase  any  name  or  names  from  the  list,  and  substitute  the  name  or  names  of  any  othei 
Member  or  Associate  Member  eligible  for  each  respective  office  ;  but  the  number  of  names  on  the  list 
after  such  erasure  or  substitution,  must  not  exceed  the  number  to  be  elected  to  the  respective  offices 
Papers  which  do  not  accord  with  these  directions  shall  be  rejected  by  the  scrutineers.  The  vote? 
for  any  Member  who  may  not  be  elected  President  or  Vice-Presidents  shall  count  for  them  as 
Members  of  the  Council,  but  in  no  case  shall  he  receive  more  than  one  vote  from  each  voter.  The 
Chairman  shall  appoint  four  scrutineers,  who  shall  receive  the  balloting  papers,  ami,  after  making 
the  necessary  scrutiny,  destroy  the  same,  and  sign  and  hand  to  the  (  hairman  a  list  of  the  elected 
Officers.  The  balloting  papers  may  be  returned  through  the  post,  addressed  to  the  Secretary,  oi 
be  handed  to  him,  or  to  the  Chairman  of  the  meeting,  so  as  to  be  received  before  the  appointment 
of  the  scrutineers  for  the  election  of  Offlcer.s. 

Names  substituted  for  any  of  the  above  are  to  be  written   in  the  blank  spaces 
opposite  those  they  are  intended  to  supersede. 

The  following  Members  are  ineligible  from  causes  specified  in  Bye-law  20  : — 
As  Pbesident 


As  Vice-Pebsidents 

As  COUNCILLOES 


FORM  L. 

Admit 

of 

to  the  Ordinary  General  Meeting  on  Saturday,  the 

(Signature  of  Member,  Associate  Member,  Associate  or  Student)  

The  Chair  to  be  taken  at  Two  o'clock  p.m. 
I    undertake  to   abide  by  the  Bye-Laws  of  The  North  of  England  Institute  of 
Mining  and  Mechanical  Engineers,  and  not  to  aid  in  any  unauthorised  publication 
of  the  Proceedings. 

(Signature  of  Visitor).      

Not  transferable. 


NORTH   OF  ENGLAND   INSTITUTE 


MINING  AND  MECHANICAL  ENGINEERS. 


ANNUAL  GENERAL  MEETING, 

Held  in  the  Wood  Memorial  Hall,  Newcastle-upon-Tyne, 

August  5th,  1899. 


Mr.   WILLIAM  ARMSTRONG,  President,  in  the  Chair. 


The  Secretary  read  the  minutes  of  the  la^t  General  Meetin<r  and 
reported  the  proceeding's  of  the  Council  at  their  meetings  on  June  17th, 
July  2:^nd  and  that  day. 


ELECTION  OF  OFFICERS,  1899-1900. 

The  President  (Mr.  W.  Armstrong)  appointed  Messrs.  L.  Austin, 
Henry  Lawrence,  T.  Lowden  and  C.  H.  Steavenson  as  scrutineers  of 
the  balloting-papers  for  the  election  of  officers  for  the  year  1899-1900. 
The  scrutineers  afterwards  reported  the  result  of  the  ballot  as  follows  : — 

President. 
Mr.  W.  Armstrong. 

Vice-Presidents. 
Mr.  T.  FoRSTER  Brown.  Mr.  M.  W.  Parrington. 

Mr.  .1.  L.  Hedley.  Mr.  .J.  G.  Weeks. 

Mr.  J.  H.  Merivale.  Mr.  \V.  0.  Wood. 
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^Mr.  H.  AiniSTRONG. 

Mr.  H.  Aytox. 
Mr.  R,  Donald  Baix. 
IMr.  G.  F.  Bell. 
Mr.  C.  Berkley. 
Mr.  T.  E.  FoRSTER. 
Mr.  T.  E.  JOBLING. 
Mr.  A.  C.  Kayll. 
Mr.  Philip  Kirkup. 


Mr.  H.  Lawrence. 
Prof.  H.  Louis. 
Mr.  J.  Morison. 
Mr.  E.  E.  Ornsby. 
Mr.  H.  Palmer. 
Mr.  J.  A.  Ramsay. 
Mr.  R.  A.  S.  Redmayne. 
Mr.  F.  R.  Simpson. 
Mr.  J.  Simpson. 


IMr.  T.  LowDEN  moved  a  vote  of  thanks  to  the  President,  Vice- 
Presidents  and  Councillors  for  their  services  daring  the  past  year, 
and  the  resolution  was  cordially  adopted. 

Mr.  J.  K.  Guthrie  moved  that  a  vote  of  thanks  he  accorded  to 
the  scrutineers  for  their  services,  and  it  was  unanimously  approved. 

The  Annual  Report  of  the  Council  was  read  as  follows  : — 

ANNUAL  REPORT  OF  THE  COUNCIL,  1898-99. 

The  following  table  shows  the  progress  of  the  membership  during 
the  past  three  years : — 


Year 

ending  Au^Tist  1st. 

1897. 

1898. 

1899. 

Honoraiy  Members 

29 

•M) 

29 

Members 

829 

859 

870 

Associate  Members 

98 

115 

126 

Associates 

.. 

91 

103 

109 

Students 

4.0 

51 

02 

Subscrilers   ... 

Ti 

22 

23 

Totals 

1.1 15 

1.180 

1,219 

The  members  are  to  be  congratulated  on  the  continuing  increase 
of  their  numbers,  which  indicates  the  advancing  prosperity  of  the' 
Institute  ;  97  names  have  been  added  to  the  register  during  the  past 
year,  and,  after  allowing  for  losses  by  death,  resignations,  etc.,  the  net 
increase  is  39. 

The  members  have  to  regret  the  deaths  of  Mr.  Jeremiah  Head,  Mr. 
W.  H.  Hedley,  and  Mr.  A.  M.  Potter,  who  were  for  many  years  actively 
connected  with  the  Institute,  and  had  served  on  the  Council. 

The  alterations  and  additions  to  the  Wood  Memorial  Hall  have  been 
completed  for  about  £2,200,  a  sum  somewhat  in  excess  of  the  estimated 
cost.  The  improvement  in  the  lighting,  warming  and  decoration  have 
rendered  the  hall  very  convenient,  and  it  now  forms  a  handsome  reading- 
and  reception-room  for  the  use  of  the  members. 
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The  portraits  in  the  hall  have  been  increased  by  those  of  the  late 
^Ir.  Nicholas  Wood,  the  late  Mr.  George  Stephenson  and  Sir  Lindsay 
"Wood,  Bart.  The  portrait  of  the  late  Sir  George  Elliot,  presented  by 
his  grandson.  Sir  George  Elliot,  has  been  placed  in  the  entrance-hall. 

The  additions  to  the  Library  by  donation,  exchange  and  purchase 
have  been  : — 

Boiind  volumes  ...         ...         ...         ...         ...         ...         260 

Pamphlets,  reports,  etc ...  ..         ...         250 

A  total  of  510  titles. 

And  the  Library  now  contains  about  7,909  volumes,  and  2,000 
unbound  pamphlets. 

Some  of  the  files  of  publications  have  been  permanently  injured  by 
the  neglect  of  members  to  return  borrowed  numbers,  but  it  is  hoped 
that  it  may  be  possible  to  replace  them.  In  consequence,  the  Council 
has  been  reluctantly  compelled  to  decide  that  unbound  Tranmctions 
and  Journals  shall  be  withdrawn  from  circulation. 

The  Library  is  becoming  very  valuable,  as  it  contains  books, 
pamphlets  and  maps,  which  could  only  be  replaced  at  great  cost.  It 
has  been  largely  formed  by  donations  from  members  and  exchanges 
with  other  societies ;  and  the  Council  suggests  that  members  can  further 
increase  its  value  by  presentations  of  books,  which  they  may  be  able  to 
spare  from  their  own  libraries.  Members  would  also  afford  considerable 
service  to  the  profession  by  bequeathing  their  books,  reports,  plans,  etc., 
to  the  Institute,  who  would  place  them  in  the  Library  for  reference,  and 
thus  maintain  the  name  of  the  donor  in  lasting  remembrance. 

The  arrangement  is  still  in  force  with  the  Literary  and  Philo- 
sophical Society  of  Xewcastle-upon-Tyne  (whose  premises  are  connected 
with  the  Library  of  the  Institute),  by  which  members  of  either  Institu- 
tion are  permitted  to  refer  to  the  books  in  the  library  of  the  other. 

The  complete  publications  of  the  Eleventh  Census  (1890)  of  the 
United  States  of  America  have  been  presented  to  the  Institute,  and 
have  been  placed  in  the  Library. 

The  Library  also  contains  the  complete  publications  (maps,  memoirs, 
sections,  etc.)  of  the  Geological  Survey  of  Great  Britain.  They  are 
available  for  reference  Ijy  members,  but  may  not  be  removed. 

At  the  suggestion  of  the  Council,  the  Durham  College  of  Science  has 
arranged  a  course  of  lectures,  commencing  in  October  next,  for  colliery- 
engineers  (/.e.,  the  men  in  charge  of  the  mechanical  plant)  similar  to 
that  now  being  given  to  student  coUiery-managers.  The  lectures  will  be 
delivered  on  Saturday  afternoons,  and  the  three  years'  course  will  be  as 
follows  : — 
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First  Year. — First  Term,  (1)  Metallurgy  of  Iron  and  Steel,  and 
(2)  Pumping  and  Ventilation.  Second  Tei'm,  (3)  Transmission  of 
Power,  and  (4)\Mining  Machinery  (chiefly  used  underground). 

Second  Year. — First  Term,  (5)  Chemistry  of  Fuel,  and  (6)  Strength 
of  ^laterials,  with  experimental  illustrations.  Second  Term,  (7)  Mensura- 
tion, and  (8)  Experimental  IMechanics. 

Third  Year. — First  Term,  (9)  Theoretical  Electricity,  and  (10) 
Haulage  and  Winding.  Second  Term,  (11)  The  Steam-engine  and 
Boilers,  and  (12)  Electrical  Engineering. 

The  course  of  lectures  will  be  delivered  in  cycles  of  3  years,  like  the 
present  mining  course,  and  the  fee  is  30s.  per  annum.  Several  colliery- 
owners  have  undertaken  to  pay  the  fees  and  railway-expenses  of  the 
pupils  attending  the  classes  from  their  respective  collieries. 

The  annual  subscription  of  Associates  and  Students  having  proved 
inadequate  to  pay  working  expenses,  it  has  been  increased  to  £1  5s. 
The  increased  charge  was  adopted,  together  with  verbal  amendments  to 
Bye-laws  Nos.  8,  9,  10,  11,  12,  14,  15,  21  and  29,  at  the  Annual  General 
Meeting  of  the  members,  held  on  August  6th,  1898,  and  the  changes 
were  approved  by  the  Secretary  of  State  for  the  Home  Department  on 
September  23rd,  1898.     Bye-law  No.  16  now  reads  as  follows : — 

The  annual  subscription  of  each  Member  and  Associate  Member  shall  be  £2  2s., 
of  each  Associate  and  Student  £1  5s.,  paj'able  in  advance,  and  shall  be  considered 
due  on  election,  and  afterwards  on  the  first  Saturday  in  August  of  each  year. 

The  adoption  of  a  composition,  varying  with  age,  payable  in  lieu  of 
future  subscriptions,  has  been  generally  approved,  as  evidenced  by  the 
number  of  members  who  have  so  compounded.  The  scale  of  rates  is  : — 
Under  30  years  of  age,  £31  :  over  30  years,  £27  ;  over  40  years,  £24  ; 
over  50  years,  £21  ;  and  over  60  years,  £17. 

The  Council  has  arranged  with  Messrs.  Lambton  &  Company  for 
the  collection  of  subscriptions,  which  must  in  future  be  paid  to  them 
at  their  bank  in  Newcastle-upon-Tyne,  or  at  any  of  their  branch  banks. 

The  plant  employed  by  the  Explosives  Committee  in  their  extensive 
series  of  experiments  upon  explosives  used  in  coal-mines,  has  been 
presented,  together  with  surplus  furniture,  to  the  Durham  College  of 
Science. 

Owing  to  the  withdrawal  of  one  of  the  mining  institutes,  who 
assisted  in  the  carrying  out  of  the  experiments  upon  mechanical  mine- 
ventilators,  it  has  been  arranged,  with  the  consent  of  the  Midland 
Institute  of  Mining,  Civil  and  Mechanical  Engineers,  that  the  report 
of  the  Committee  shall  be  published  in  the  Transactions  of  The 
Institution  of  Mining  Engineers. 
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An  Account  of  the  Strata  of  Xorthumberland  and  Durham  as  proved 
hij  Borinijs  and  Sinkinf/s  has  been  published  in  sis  vokimes,  and  copies 
may  be  purchased  from  the  Secretary.  Members  are  desired  to  send 
copies  of  any  unpubhshed  sections  of  strata  in  these  counties,  or  their 
section-books  on  loan,  with  the  view  of  their  being  published  in  a 
supplementary  volume. 

A  General  Index  to  vols.  i.  to  xxxviii.  of  the  Transactionn  is  in  the 
printers'  hands,  and  the  Council  trusts  that  it  will  be  received  with 
approval  by  the  members. 

The  prices  of  the  Transactions  (vols.  i.  to  xxxviii.)  have  been  reduced, 
and  members  are  recommended  to  complete  their  sets  before  the  stock 
is  exhausted  (vols,  iii.,  iv.,  v.,  vi.  and  xxi.  are  now  out  of  piint). 

'J'he  Council  suggests  that  Indian  and  Colonial  members  should 
establish  meetings  for  the  reading  and  discussion  of  papers  of  local 
or  general  interest. 

Mr.  T.  Forster  Brown  represented  the  Institute  at  the  Conference  of 
Corresponding  Societies  of  the  British  Association  for  the  Advancement 
of  Science  held  in  Bristol  in  September,  1898  ;  and  Mr.  J.  H.  Merivale 
will  represent  the  Institute  at  the  conference  to  be  held  at  Dover  in 
September,  1890.  Mr.  Henry  Davey  and  Mr.  C.  L.  Simpson  will 
represent  the  Institute  at  the  meetings  of  the  Sanitary  Institute  of 
Great  Britain  to  be  held  in  Southampton  in  August  next ;  and  Mr. 
John  Gerrard  and  Mr.  Jacob  Higson  at  the  congress  of  the  Royal 
Institute  of  Public  Health  to  be  held  at  Blackpool  in  September  next. 
Mr.  John  Daglish  acts  on  behalf  of  the  Institute  as  a  member  of  the 
council  of  the  Durham  College  of  Science.  Mr.  W.  Cochrane  is  the 
representative  of  the  Institute  on  the  Science  and  Art  Committee,  and 
ilr.  Henry  Ayton  on  the  Scholarships  Committee  of  the  Xorthnmberland 
County  Council. 

The  Council  congratulates  the  members  on  the  success  of  the  general 
meeting  held  recently  in  the  iron-ore  mining  districts  of  Furness  and 
East  Cumberland,  and  consider  that  the  thanks  of  the  Institute  are  due 
to  the  committee,  who  made  the  very  excellent  arrangements,  and  to 
the  writers  of  papers.  The  thanks  of  the  Institute  are  also  due  to 
the  B  irrow  Hematite  Steel  Company,  Limited :  the  Hodbarrow  Mining 
Company,  Limited ;  Messrs.  Kennedy  Brothers  ;  and  the  Millom  and 
Askam  Haematite  Iron  Company,  Limited,  for  allowing  the  members 
to  visit  their  works  and  mines  ;  to  the  Furness  Railway  Company  for 
travelling  facilities  ;  and  to  all  persons  who  by  their  services  aided  in 
the  holding  of  that  meeting;. 
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Prizes  of  books  have  been  awarded  to  the  writers  of  the  following 
papers  communicated  to  the  members  during'  the  year  1897-98  :  — 
"  Pyritie  Smelting."     By  Mr.  Wm.  LaAvrence  Austin. 
"  Experiments  witli  tlie  Shaw  Gas-tester."    By  Dr.  P.  Phillips  Bedson  and 

Mr.  J.  t  ooper, 
"Notes  on  Rearer  Workings."    By  Mr.  John  Cadman. 
"Occurrences  and  Mining  of  Manjak  in  Barbados,  West  Indies."     By  Mr. 

Walter  Merivale. 
"  The  Siliceous  Iron-ores  of  Northern  Norway."     By  Mr.  H.  T.  Newbigin. 
"  The  Gold  Regions  of  Alabama,  U.S.A."     By  Mr.  Wm.  B.  Phillips. 
"  Hydrothermal  (iold-deposits  at  Peak  Hill,  Western  Australia."     By  Mr. 
Frank  Reed. 
The  papers  contributed  during  the  year  are  as  follow  : — 
"  Presidential  Address."     By  Mr.  William  Armstrong. 
"  The  W^estern  Interior  Coal-field  of  America."     By  Mr.  H.  Foster  Baiii. 
"The  Nullagine  District,  Pilbarra  Gold-field,  Western  Australia."      By 

Mr.  S.  J.  Becher. 
"Results  of  the  Analysis  of  Samples  of  New  Zealand  Coal  and  Ambrite, 

and  of  Barbados  Manjak.'"     By  Dr.  P.  Phillips  Bedson. 
' '  Report  of    Delegate  at  the  Conference  of  Delegates  of  Corresponding 
Societies  of  the  British  Association  for  the  Advancement  of  Science, 
Bristol,  1898."     By  Mr.  T.  Forster  Brown. 
"  Davey-Bickford-Smith  Safety  Shot-igniter."     By  Mr.  G.  Chesneau. 
"  Description   of   the   Pumping-plant   at   the  Stank  and  Yarlside  Mines 

in  the  Furness  District  of  North  Lancashire."     By  Mr.  Jas.  Davison. 
"Notes  on  the  Glacial  Deposit  or  'Wash'  of  the  Dearness  Vallej."     By 

Mr.  T.  L.  Elwen. 
"Fire-damp   in   the  Iron-ore   Mines   of   Cumberland  and  Furness."     By 
Messrs.  John  L.  Hedlej'  and  William  Leek,  H.M.  Inspectors  of  Mines. 
"Description  of  the  Machinery  and  Process  of  Iron-ore  Washing  at  the 
Park  Mmes  in  the  Furness  District  of  North  Lancashire."     By  Mr. 
William  Kellett. 
"  The  Murgue  Recording  Volumetric  Anemometer."     By  Mr.  D.  Murgue. 
"  Transvaal  Coal-field."     By  Mr.  William  Peile. 
"  The  Geology  of  Furness."     By  Mr.  C.  E.  de  Ranee. 
"  The  Felling  of  a  Chimney."     By  Mr.  Frank  Reid. 

"The  Ore-deposits  of  the  Silver  Spur  Mine  and  Neighbourhood,  Texas, 

Queensland."     By  Mr.  H.  G.  Stokes. 

The  Council  has  pleasure  in  congratulating  the  members  upon  the 

number  and  varied  nature  of  the  papers  printed  in  the  I'ransacHom, 

and  trusts  that  similar  excellent  communications  will  be  forwarded  as 

liberally  in  the  future. 

The  Institution  of  Mining  Engineers  has  completed  its  first  decade. 
During  the  past  year,  meetings  have  been  held  in  Birmingham  on 
September  13tli,  14th  and  15th,  1898  :  in  North  Staffordshire  on 
February  22nd  and  23rd,  1899  ;  and  in  London  and  Peterborough  on 
May  25th,  26th  and  27th,  1899. 

In  concluding  their  47th  annual  report,  the  Council  asks  the  members 
to  use  their  endeavours  to   increase    the   membership,  as  the  further 
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success  of  the  Institute  will  depend  upon  its  being  able  to  find  funds 
for  the  expenses  of  Committees  appointed  to  make  investigations  on 
subjects  of  interest  to  mining  or  mechanical  engineers,  and  to  meet  the 
increased  expenses  ensuing  from  its  connexion  with  The  Institution  of 
Minins  Engineers. 


The  President  moved  the  adoption  of  the  report. 

Mr.  T.  T^^.  Benson  seconded  the  resolution,  which  was  unanimously 


agreed  to. 


The  Treasurer  (Mr.  Reginald  Guthrie)  read  the  Report  of  the 
Finance  Committee  as  follows  : — 

REPORT  OF  THE  FINANCE  COMMITTEE. 

The  Finance  Committee  submit  herewith  a  statement  of  accounts 
for  the  twelve  months  ending  June  30th,  1899.  The  accounts  up  to  the 
same  date  in  the  preceding  year  only  covered  a  period  of  eleven  months, 
owing  to  the  change  in  the  date  to  which  the  accounts  were  to  be  made 
up  in  each  year,  which  was  then  adopted  by  the  Council.  It  is  conse- 
quently still  impossible  to  make  a  proper  comparison  between  the  two 
periods.     This  difficulty  will  be  removed  in  the  year  1899-1900. 

The  total  receipts  were,  from  July  1st,  1898,  to  June  30th,  1899, 
£3,943  8s.  2d.  Of  this  amount  £128  2s.  was  paid  as  life-compositions 
in  lieu  of  annual  subscriptions,  £86  2s.  Od.  represented  subscriptions 
paid  in  advance,  and  the  sum  of  £1,1.50  was  withdrawn  from  deposit 
account  with  Messrs.  Lambton  &  Co.,  bankers,  leaving  the  sum  of 
£2,579  4s.  2d.  as  the  ordinary  income  of  the  year. 

The  ordinary  expenditure  amounted  to  £2,210  16s.  7d.,  leaving  a 
balance  of  ordinary  receipts  over  ordinary  expenditure  of  £368  7s.  7d. 
There  was  also  jiaid  on  account  of  the  alterations  to  the  Wood 
Memorial  Hall,  £1,900  12s.  6d.,  the  total  payments  thus  amounting  to 
£4,111  lis.  Id. 

During  the  year  the  sum  of  £35  14s.  has  been  written  off  the  list  of 
subscriptions  and  arrears  as  irrecoverable. 

The  balance-sheet  shows  the  capital  of  the  Institute  at  June  30th, 
1899,  to  be  £8,145  15s.  lOd.,  but  this  does  not  include  either  the 
original  value  of  the  Wood  Memorial  Hall  or  the  amount  recently 
expended  in  its  alteration. 

3Ir.  J.  Ct.  Weeks  moved  the  adoption  of  the  report. 

The  President  (Mr.  W.  Armstrong)  seconded  the  motion,  which 
was  unanimously  adopted. 


ACCOUNTS. 


£ 

s. 

d. 

.       074- 

2 

5 

(;6 

17 

0 

2 

5 

3 

Dr.  The  Tueasurer  in  Account  with  The  North  of  England 

Foe  the  Year  bnding 

June  30th.  1898. 
To  Balance  at  Bankers 
.,         ,.        in  Treasurer's  Lands 

,.  Outstanding   Amounts    due    for    Authors'  Excerpts 
June  30th,  1899. 

To  Dividend  of  7j  per  cent,  on  146  Sliares  of  £20  eacli  in 
the  Institute  and  Coal  Trade  Chambers  Co.,  Ltd., 
for  year  ending  June  30th.  1899 
„  Interest  on  Mortgage  of  £1,400  with  Institute  and  C(jal 

Trade  Chambers  Company,  Ltd. 
„  Interest  on  Deposit  Account 

„  Sale  of  Transact  ions 
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TRANSACTIONS,  13 

REPRESENTATIVES   ON   THE   COUNCIL   OF   THE 
INSTITUTION  OF  MINING  ENGINEERS. 

The  Presedent  (Mr.  ^Y.  Armstrong)  moved,  and  Mr.  J.  K. 
Guthrie  seconded,  a  resolution  that  the  following  gentlemen  be  elected 
as  the  representatives  of  the  Institnte  on  the  Council  of  The  Institution 
of  Mining  Engineers : — 


Mr.  Henry  Armsteoxg. 
Mr.  William  Armstrong. 
Mr.  .J.  Batey. 
Mr.  W.  C.  Blackett. 
Mr.  Bennett  H.  Beough. 
Mr.  T.  FoRSTER  Browx. 
Mr.  A.  G.  Charletox. 
Mr.  William  Cocheane. 
Mr.  Benjamix  Dodd. 
Mr.  G.  B.  FoRSTER. 
Mr.  T.  E.  FORSTER. 


Mr.  Regixald  Guthrie. 
Mr.  A.  L.  Hedley. 
Mr.  T.  E.  JOBLIXG. 
Mr.  A.  C.  Kayll. 
Mr.  C.  C.  Leach. 
Prof.  Hexry  Louis. 
Mr.  J.  MoRlsox. 
Mr.  Henry  Palmer. 
Mr.  T.  0.  RoBsox. 
Mr.  F.  E.  SiMPSOX. 
Mr.  A.  L.  Steavensox. 


yU:  JoHX  Gerrard.  Mr.  J.  G.  Weeks. 

The    following   gentlemen    were    elected,   having    been    previously 
nominated  : — 

Members — 
Mr.    Krxest   Akermax,  Mining  Engineer   and   Mine   Manager,    Minas  de 

Gala  pro  Sta  Olalla,  Huelva,  Spain. 
Mr.   Clarence   R.    Cla(;horn,    Mining    Engineer    and   Colliery   Manager, 

Vintondale,  Cambria  County,  Pennsylvania,  U.S.A. 
?.Ir.    Joseph    Craxkshaw,    Mining   Engineer,    Montcliffe,    Horwich,    near 

Bolton. 
Mr.  William  Henry  Cttten,  Consulting  Engineer,  Dunedin,  New  Zealand. 
Mr.  Thomas  George  Da  vies,  Mine  Manager,  Barrytown,  New  Zealand. 
Mr.  Ferdinand  Dietzsch,   Mining   Engineer,   13,  Austin  Friars,   London, 

E.G. 
Mr.  Leonard  Ralph  Fletcher,  Colliery  Proprietor,  The  Kindles,  Atherton, 

Manchester. 
Mr.  John  James  Muir,  Civil  and  Mining  Engineer,  and  Authorized  Mining 

Surveyor,  North  Mount  Lyell  Consolidated  Mine,  Tasmania. 
Mr.  Ait.\ro  Nomi,  Mining  Engineer,  Ikuno,  Tazima,  Japan. 
Mr.   Francis  Arthur  Rich,   Mining  Engineer  and  ^Manager,   Woodstock 

Gold    Mining    Company,    Limited,    Karangahake,    Auckland,    New 

Zealand. 
Mr.    Joseph    Fleetwood    Wells,    Mining    flngineer,    Kamloops,    British 

Columbia. 

Associate  Members  — 
Mr.    Alfred   G.    Hailes,    Sejooah   Colliery,    Katras   Post    Office,    District 

Manbhoom,  Bengal,  India. 
Mr.     John    Henry    Scott,    1157,    Burnaby    Street,    Vancouver,    British 

Columbia, 


14      DISCUSSION— THE  GLACIAL  DEPOSIT  OF  THE  DEARNESS  VALLEY. 

Associates — 
Ml".    John   Dunn   Barkek,    Deputy   Overman,   John    Street,    Meadowfield, 

Durham. 
Mr.    John  D.\kers,   Under  Manager,  32,  South  Street,  Brandon  Colliery, 

Durham. 
Mr.  Christopher  Keakton,  Deputy  Overman  and  Mining  Student,  Rose 

Cottage,  Keekle,  Hensingham,  Whitehaven. 
Mr.  John  Raw,  Miner,  Hunwick,  Willington. 


DISCUSSION  OF  MR.  T.  L.  ELWEX'S  "NOTES  ON  THE 
GLACIAL  DEPOSIT  OR  'WASH'  OF  THE  DEARNESS 
VALLEY."  * 

Mr.  Philip  Kirkup  (Cornsay)  wrote  that  Mr.  Elwen  spoke  of  the 
Dearness  valley  being  situated  in  the  "  Upper  Coal-measures,"  with 
which  opinion  he  did  not  agree.  The  Permian,  where  existing  in  the 
county  of  Durham,  rests  unconformably  upon  the  Coal-measures  ;  in 
fact,  the  Upper  Coal-measures  have  for  the  most  part  been  denuded 
prior  to  the  deposition  of  the  yellow  sand  of  the  Permian,  and  the 
Brockwell  coal-seam  in  this  part  of  the  county  forms  probably  the 
base  of  the  Middle  Coal-measures.  The  strata  between  the  Brockwell 
coal-seam  and  the  Fell  Top  limestone,  consisting  for  the  most  part 
of  sandstone  and  shales  with  small  seams  of  coal,  are  probably 
representative  of  the  Lower  Coal-measures. 

It  is  difficult  to  sub-divide  the  Coal-measures  in  the  North  of 
England  into  Upper,  Middle  and  Lower.  The  Geological  Survey 
attempts  to  define  Upper  as  comprizing  all  coal-seams  above  the  High 
Main  coal  seam  :  Middle  being  those  lying  between  the  High  j\Iain  and 
the  Brockwell  coal-seam  :  and  the  liOwer  as  those  lying  between  the 
Brockwell  coal-seam  and  the  uppermost  bed  of  the  Carboniferous  Lime- 
stone. Prof.  LeV)Ourt  did  not  agree  with  this  classification,  but  favoured 
the  whole  of  the  strata  containing  workable  seams  of  coal  being  called 
"  Coal-measures,"  without  sub-division. 

Mr.  Robert  Peel  (New  Brancepeth  Colliery)  wrote  that  Prof. 
G.  A.  Lebour  stated  that  the  Brockwell  seam  "has  been  looked 
upon  usually  as  the  base  of  the  Coal-measures,  but  has  been  taken  by 
the  Government  Geological  Survey  as  the  boundary  line  between  the 
Middle  and  Lower  Coal-measures  or  Ganister  Beds."  ^ 

*  Trans,  hv^t.  M.E.,  vol.  xvii  ,  page  226. 

i  Onfline-'i   of  the   Geology  of  Northumberland   and    Durham,  page    51;    and 
Tranii.  X.E.  Inst.,  vol.  xxv.,  page  225. 

I  Outlines  of  the  Geology  of  Northumberland  and  Durham,  pages  39  and  51. 
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The  maximum  thickness  of  the  deposit  was  said  to  be  100  feet  in  the 
Dearness  Yalley,  but  the  writer  had  proved  a  thickness  of  120  feet  by 
means  of  a  bore-hole  near  Ushaw  Moor  railway-station.  The  statements 
that  "the  effect  of  this  C41acial  Drift,  primarily,  in  cutting  out  large  areas 

of  workable  seams [and  that]  a  considerable  thickness  of 

strata  with  the  enclosed  coal-seams  must  have  been  scooped  out  of  the 
valley  by  ice,"*  hardly  appear  to  ])e  borne  out  by  the  geological  evidences 
in  the  valley.  It  seems  more  probable  that  most,  of  the  strata,  and  the 
coal-seams  ranging  from  the  Five-Quarter  down  to  the  Hutton  seam, 
have  been  removed  by  the  action  of  the  ancient  river  and  ordinary 
denuding  agents,  and  that  the  Boulder  Clay  and  Drift  sands-and-gravels 
are  to  a  certain  extent  filling  up  of  the  old  river-valley. 

In  sinking  and  in  other  cuttings  through  the  deposit,  many  of  the 
boulders  found  belong  to  rocks  which  are  foreign  to  the  district.  One 
l)oulder  consisted  of  brecciated  conglomerate,  and  the  writer  sends  a 
piece  for  the  examination  of  the  members. 

Mr.  T.  L.  Elwex  said  that  he  had  always  assumed  that  the  Lower 
Coal-measures  were  those  lying  below  the  Mountain  Limestone  and 
that  those  above  them  were  the  Upper  or  true  Coal-measures. 

The  President  said  that  was  Prof.  D.  Page's  theory,  and  was  generally 
accepted  as  the  proper  method  of  division. 

l\lv.  T.  L.  Elwex,  witli  reference  to  the  surface,  said  that  he  was  of 
opinion  that  the  ice  had  removed  a  much  larger  proportion  than  men- 
tioned by  Mr.  Peel.  The  wash  was  -|-  mile  wide  and  100  feet  deep. 
All  glacial  drift  would  be  due  to  the  action  of  ice. 

DISCUSSION  OX  DR.  JOHX  S.  HALDANE  AND  MR.  F.  G. 
MEACHEM'S  ^'OBSERVATIONS  ON  THE  RELATION  OF 
UNDERGROUND  TEMPERATURE  AND  SPONTANEOUS 
FIRES  IN  THE  COAL  TO  OXIDATION,"  ETCf 

The  Secretaet  (Mr.  M.  Walton  Brown)  said  the  interesting  part 
of  this  paper  was  that  Dr.  Haldane  showed  conclusively,  in  his  opinion, 
that  the  spontaneous  heating  of  coal  was  probably  entirely  due  to  the 
oxidation  of  iron -pyrites,  and  thus  controverted  the  theory  that  the 
heating  was  due  to  the  oxidation  of  the  coal  or  other  carbonaceous 
matter. 

*  Tram.  Imt.  M.E.,  vol.  xvii.,  page  •228. 
t  Ibid.,  vol.  xvi.,  pages  457  and  495. 


l(i  DIS(M'SSION — THE  PITOT  TUHE  AND  WOliTMANN  MITiL. 

The  President  (Mr.  W.  Anustronii)  stated  that  iron-pyrites  was 
iihundaut  in  the  Five-Qnarter  seam  at  "Wingate  Grange  Colliery,  and 
a  s])ontaneons  fire  had  occurred,  on  one  occasion,  in  a  place  where  a 
iieavy  fall  of  stone  liad  taken  place,  accompanied  l)y  a  small  feeder  of 
water. 

^Ir.  J.  (t.  "Weeks  remarked  that  the  oxidation  of  iron-pyrites  was 
possibly  only  one  of  the  sources  of  ignition  of  spontaneons  fires  in  coal- 
mines ;  and  that  there  were  probably  other  causes  and  circumstances 
not  yet  ascertained. 

The  Prehident  suggested  that  damp  air  in  the  presence  of  iron- 
pyrites  probably  would  be  sufficient  to  cause  spontaneous  heating. 

Mr.  M.  Walton  Brown  said  that  the  coal  of  the  Harvey  seam 
occasionally  took  fire  in  the  entire  absence  of  water.  At  one  colliery,  if 
a  jud  was  shot  down  and  left  overnight  it  was  usually  found  on  fire  the 
next  morning.  Such  fires  were,  however,  readily  extinguished  by  erecting 
a  stopping  in  most  cases. 


DISCUSSION  OF  MR.  A.  RATEAU  S  "EXPERIMENTAL 
INVESTIGATIONS  UPON  THE  THEORY  OF  THE  PITOT 
TUBE  AND  THE  WOLTMANN  MILL."* 

Mr.  Bryan  DoNKi>f  (London)  had  read  Mr.  Rateau's  paper  with 
interest  and  pleasure,  as  he  had  made  many  experiments  with  both  of 
these  instruments  for  measuring  the  velocity  of  air.  He  quite  agreed 
with  the  conclusions  of  Mr.  Rateau  that  both  instruments  when  well 
made  and  properly  used  would  give  reliable  and  trustworthy  results. 
The  anemometers  should  be  tested  in  a  straight  path,  or  in  straight 
currents  of  air  of  known  velocity,  as  in  the  Breslau  experiments.  These 
were  made  from  a  gas-holder  charged  with  air. 

Before  any  new  experiments  with  mining-fans  are  made,  the  two 
instruments  intended  to  be  used  should  be  calibrated  and  made  to 
agree,  so  as  to  show  the  velocity  of  air  discharged  from  a  given  pipe  put 
up  for  this  purpose.  A  centrifugal  fan  could  be  fixed  in  such  a  way 
as  to  discharge  into  the  atmosphere  through  a  long  straight  pipe 
18  inches  or  2  feet  in  diameter,  fitted  with  several  baffles  of  woven  wire 

*  Trans,  Iimt.  M.E.,  vol.  xvii. ,  page  124. 
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or  perforated  zinc.  One  of  the  instruments  should  be  held  at  the  end  of 
this  pipe  and  a  mean  of  several  observations  taken.  To  obtain  the  mean 
velocity  the  anemometer  may  be  moved  about  by  hand  across  the 
discharge  section  of  the  pipe,  and  the  same  series  of  operations  after- 
wards should  be  repeated  with  the  Pitot  tube,  keeping  all  the  conditions 
constant.  It  is  well  to  note  that  the  air-discharge  in  such  a  pipe  is  at 
its  maximum  velocity  in  the  centre,  its  minimum  at  the  circumference, 
and  its  mean  at  two-thirds  of  the  radius  from  the  centre.  The  results 
of  the  experiments  at  the  centre  and  two-thirds  of  the  radius  should 
be  compared  in  both  instruments,  all  conditions  of  speed  of  fan,  etc., 
remaining  constant. 

From  his  experience,  he  (Mr.  Donkin)  put  more  confidence  in  the 
Pitot  tube  than  in  anemometers,  because  the  former  is  much  smaller  in 
diameter,  say,  ^  inch.  With  anemometers  there  is  always  some  friction, 
and  the  moving  parts  and  vanes  should  be  very  carefully  made,  as  Mr. 
Rateau  points  out.  In  addition  to  this  there  is  the  inertia  of  the 
revolving  blades  to  be  considered. 

Air  can  also  l)e  very  accurately  measured  by  means  of  orifices,  as 
proved  in  the  Breslau  trials.  In  experiments  with  large  and  small  fans, 
and  in  mines,  the  two  methods  of  air-measurement  above  described  are 
more  easily  applied. 

Anemometers,  as  usually  tested  in  a  circular  path,  give  too  high 
results,  and  should  be  used  with  much  caution.  An  ordinary  U  water- 
gauge  is  often  not  sensitive  enough,  and  a  gauge  multiplying  the  results 
10  to  1  is  better.  With  such  an  instniment  a  millimetre  of  water  reads 
as  a  centimetre,  so  that  0*1  millimetre  can  be  seen  with  ease. 

Prof.  Heney  Stkoud  (Newcastle-upon-Tyne)  wrote  that  Mr. 
Rateau's  paper  is  valuable  in  pointing  out  the  errors  that  may  arise 
in  the  use  of  the  Pitot  tube  and  the  ordinary  anemometer,  and  the 
experimental  results  are  also  of  great  interest. 

With  regard  to  the  author's  remarks  on  the  Pitot  tube,  it  is 
pointed  out*  that  the  Pitot  tube  measures  the  mean  of  the  squares  of 
the  velocities,  and  not  the  mean  velocity,  yet,  in  the  lower  tablef  the 
calculation  of  the  mean  velocity  is  given,  and  a  coefficient  of  correction 
is  determined.  The  experiments  show,  as  was  to  be  expected,  that  this 
coefficient  is  by  no  means  constant. 

He  thought  that  it  would  be  interesting  to  put  the  table  into 
another  fonn,  using  the  author's  data,  as  follows  : — 

*  Tran-i  In-st.  M.E.,  vol.  xvii.,  page  132.  t  R>id.,  page  131. 
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1 

1      No  of 

'    Experi- 

t'l. 

meot. 

m. 

1 

38-3 

2 

36-7 

3 

38-4 

4 

37-6 

5 

371 

6 

37-1 

30-8 
24-1 
25-5 
20-4 
16-3 
8-6 


1,467 
1,347 
1,475 
1,414 
1,376 
1,376 


1^3^. 

«,»+Va2 

2 

949 

1,208 

581 

964 

650 

1,062 

416 

915 

266 

821 

74 

725 

*/"'''  +  "=" 

.. 

V          2 

m. 

111. 

34-8 

34-7 

31-0 

31-1 

32-6 

32-6 

30-2 

30-2 

28-6 

28-6 

26-9 

26-8 

Tt  will  be  noted  how  very  clearly  the  experiments  show  that,  as 
theory  indicates,  the  Pitot  tube  measures  the  square  of  the  velocity.  In 
fact  the  agreement  between  r  (the  apparent  velocity  indicated  by  the 


Pitot  tube  oscillating  between  two  currents)  and 


J        2       ' 


where  v^ 


and  To  are  the  velocities  of  the  two  currents,  is  remarkably  exact,  there 
being  practically  no  difference  for  any  one  of  the  experiments. 

Since  in  Prof.  Pateau's  experiments  i\  and  v.,,   are  unequal ;  and  v 

I'  'i   _1_   ^;.  2 

(the   velocity   given   by   the  Pitot   tube)   is   equal  to        '    ^         ' 


V 


2 


cannot  be  equal   to  ~~-—-^  the   mean   velocity   for   the  experiments, 


but  is  always  greater  than  the  mean  velocity. 


To  attempt  to  calculate 


^•l    +    ^'-2 


from 


jvl^rvl 


when  the  ratio 


2  V  ^       '  ih 

is  quite  unknown,  appeared  to  him  (Prof.  Stroud)  to  be  by  no  means 
satisfactory. 

Instead  of  the  author's  conclusion,*  he  thought  that  it  would  be 
preferable  to  state  at  once  that,  since  the  Pitot  tube  determines  the 
square  root  of  the  time-mean  of  the  squares  of  the  velocities,  it 
cannot  measure  the  mean  velociiy  of  irregular  currents,  and  that  it  is 
inadvisable  to  introduce  a  coefficient  whose  value  cannot  be  determined 
unless  the  way  in  which  the  velocity  changes  be  known. 

With  regard  to  the  latter  portion  of  the  paper,  in  his  opinion,  the 
ordinary  anemometer  is  certainly  unsuitable  for  measuring  very  small  air- 
velocities,  especially  if  they  are  irregular,  and  he  doubted  very  much  the 
justification  of  using  any  formula  for  such  a  case  with  t!ie  ordinary  form 
of  instrument. 

Mr.  Charles  Chree  (Kew  Observatory)  wrote  that  he  had  read 
the  interesting  paper  by  Prof.  A.  Ptateau,  entitled  "  Experimental  In- 
vestigations upon  the  Theory  of  the  Pitot  Tube  and  the  Woltmann 


*  Tran-i.  Iiat.  M.E.,  vol.  xvii.,  page  161. 
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Mill."     In  the  limited  time   at  his  disposal  he  had  principally  given 

his  attention  to  Prof.  Rateau's  treatment  of  anemometers,  especially 

to  the  mathematical  analysis.* 

He  was  surprised  to  find  that  Prof.  Rateau  had  l)een  considering  the 

problem  of  an  anemometer  exposed  alternately  for  equal  times  to  currents 

of  different  constant  velocities.     He  had  treated  the  same  problem,  but 

in  a  more  general  form,  in  a  paper  entitled  "  Contribution  to  the  Theory 

of  the  Robinson  Cup- Anemometer."!     In  liis  (Mr.  Chree's)  notation 

V  represented  the  wind  velocity,  v  the  mean  velocity  of  the  Robinson 

cups  in  a  revolution,  and  the  equation  of  motion  which  he  had  solved 

(Iv 
was  -^  =  —  tto  —  a^v  —  b^V  —  OoV^ —2b2vV  +  c.^V^    .     .     .     (1) 

where  cfo,  a^,  .  .  .  c.^  are  constants  for  a  particular  instrument. 

The  corresponding  equation  (15)|  given  by  Prof.  Rateau  would  be  in 

his  (Mr.  Chree's)  notation 'J  =  -f.,t'F+^'.F2 (2) 

(it  "  " 

It  is  derivable  from  (1)  by  putting  2i.,  =  '"2,  and  taking  all  the  other 

constants  as  zero. 

All  the  results  at  which  Prof.  Rateau  arrived  in  the  special 
problem  §  could  have  been  obtained  at  once  by  making  these  simplifica- 
tions in  his  (Mr.  Chree's)  formuke.  For  instance,  Prof.  Rateau's 
solutions  (16)  and  (20)  were  really  special  cases  of  his  (27)  and  (GO). 

The  notation  in  the  two  papers  was  so  different  that  the  identity  in 
the  steps  was  not  at  once  obvious.  For  instance,  in  the  special  j^roblem 
presented  by  alternate  currents  of  different  constant  velocities  we  have : — 
Rateau     v,    Vi,     v^,   fi/j,       /v,  t,  m,      e"'"',   e""'^ 

Cbree      F,    F',    F",    v,    c„  =  2bo,    T,  =  T„,   2b.,T„     ^,      \. 

On  Prof.  Rateau's  hypothesis  that  '2b,  =:  c.,,  we  have  by  (2)  in  the 
steady  state  when  dvldt  vanishes,  or  in  his  (Mr.  Chree's)  own  (GO), 

v=V 

v'  =  v',  v"  =  v. 

In  his  treatment  of  the  two-current  problem,  he  did  not  assume  the 
durations  T^  and  T.2  to  be  equal ;  he  was  thus  able  to  trace  the  influence 
of  the  relative  durations  of  the  faster  and  slower  air-gusts.  He  made 
use  of  his  solution  of  this  problem  and  analogous  ones  of  somewhat 

*   Tra7is.  Imt.  M.E.,  1899,  vol.  xvii.,  pages  139  to  152. 

t  The  London,  Edinhurgh  and  Dublin  Philosophicrd  Magazine,  1895,  vol.  xl., 
pages  C3  to  90. 

X   Tran.'i.  In.st.  ALE.,  vol.  xvii.,  141.  §  Ibid.,  vol.  xvii.,  pages  141  to  143. 
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greater  complexity  in  establishing  the  very  result  reached  by  Prof. 
Rateau,  namely,  that  an  anemometer  gives  in  general  too  high  a  value 
for  the  mean  velocity  when  the  wind  is  variable.*  This  conclusion, 
he  might  add  in  passing,  had  been  put  forward  by  some  authorities 
without  proof,  as  a  self-evident  consequence  of  the  inertia  possessed  by  all 
anemometers.  These  authorities  had,  it  seemed  to  him,  overlooked  the 
fact  that  while  inertia  tends  to  keep  an  anemometer  in  motion  after  a 
gust  has  ceased  it  has  a  compensating  tendency  while  the  wind  is  rising. 
In  reality,  a  great  deal  depends  on  the  way  in  which  the  wind-velocity 
alters,  and  much  might  doubtless  be  learned  from  experiments  such  as 
those  of  Prof.  Eateau. 

The  general  equation  (29  or  30)  proposed  by  Prof.  Rateau  for  the 
relation  between  a  steady  wind-velocity  v,  and  n  the  number  of  divisions 
traversed  by  the  index  of  the  anemometer  in  unit  time,  is 

7  <^ 

V  =  a  +  on  +  -, 

V 

otherwise  c  +  av  +  hnv  —  v^  =  0 (3) 

Here  n  is  proportional  to  the  velocity  of  the  moving  part  of  the 
anemometer,  i.e.,  to  v  in  his  (Mr.  Chree's)  notation. 

His  (Mr.  Chree's)  corresponding  equation — numbered  (18) — is 

da  +  ^iT  -f  ci^v  +  2h.^V  +  a.v^  —  (\V^  =  0  ...  (4) 
where  V,  as  before,  denotes  wind-velocity,  and  r^oj^i  ...  are  constants. 
This  equation  reduces  to  Prof.  Eateau's  form  if  we  assume 

r/j  =  a.2  =  0. 
As  pointed  out  in  his  (Mr.  Chree's)  paper,  Prof.  Sir  G.  Stokes  has  advanced 
arguments  in  favour  of  the  conclusion  that,  in  a  Robinson  cup-anemo- 
meter, Oc,  is  small  if  not  negligible.  He  would  prefer,  however,  not  to 
assume  a^  or  a^  equal  to  zero  until  experiment  justified  the  assumption 
for  the  particular  anemometer  under  consideration. 

Mr.  Baumgarten's  formula  (Prof.  Eateau's  (25))  is  of  the  type  in 
his  notation : — 

r/o  +  2h^vV  +  ttov"^  —  c^V^  =  0, 
i.e.,  it  assumes  «i  and  &i  to  be  zero,  but  retains  «2-     Prof.  Eateau's 
objection  tof  Mr.  Baumgarten's  formula,  namely,  that  the  centre  of  the 
hyperbola,  which  it  represents  when  v  and  V  are  taken  as  coordinates, 
lies  at  the  origin,  does  not,  of  course,  apply  to  his  more  general  form  (4). 

He  did  not  see  any  explanation  by  Prof.  Rateau  as  to  why  he  employs 
an  equation  of  type  (2)  for  variable  motion  while  approving  one  of  type 

*   The  London,  Edinburgh  and  Dnhlin  Philofiophical  Macjazine,  1895,  vol.  xl., 
page  87,  and  conclusion  5  on  page  90. 

t  Trans.  Inst,  M,E.,  vol.  xvii.,  pages  151  to  152, 
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(3)  for  steady  motion.     The  two  equations  ought,  he  thought,  to  merge 
into  one  another  like  his  (1  j  and  (4)  above,  when  ^,  =  0. 

A  number  of  points  to  which  Prof.  Eateau  refers  will  also  be  found 
discussed  in  his  (Mr.  Chree's)  paper,  to  which  he  must  refer  the  members 
for  details. 

At  Kew  Observatory,  his  experience  is  chiefly  of  small  Robinson  cup- 
anemometers.  These  are  exposed  to  the  natural  wind  at  the  same  height 
as  the  large  standard  Robinson  anemometer.  In  their  case,  it  is  found 
that  the  record  in  very  light  winds  depends  so  much  on  the  lubrication 
of  the  instrument,  that  it  is  doubtful  how  long  the  data  obtained  will 
apply  in  practice.  A  great  deal  must  depend  on  the  purity  of  the 
atmosphere  where  the  instrument  works,  and  on  the  attention  that  it 
receives.  Besides  Robinson  cup-anemometers,  the  Kew  officials  have 
tested  a  moderate  number  of  fan-anemometers — or  "air-meters" — used 
for  recording  ventilation.     These  are  compared  on  a  whirling-machine. 

Some  experiments  have  been  made  at  Kew  Observatory  on  the  effects 
of  altering  the  distance  of  the  ak-meter  from  the  axis  of  the  whirler — 
i.e.,  altering  the  "  centrifugal  force  " — for  a  given  velocity  at  the  air- 
meter.  When,  however,  such  experiments  are  made — as  these  have 
been — in  a  room  of  only  moderate  dimensions,  there  are  various  sources 
of  uncertainty,  and  he  (Mr.  Chree)  was  not  prepared  meantime  to  say 
anything  definite  on  this  point.  If  the  question  is  of  sufficient  practical 
importance  to  engineers  it  might  well  be  brought  under  the  notice  of  the 
authorities  of  the  proposed  National  Physical  Laboratory. 

In  the  early  part  of  Prof.  Rateau's  paper  dealing  with  the  Pitot 
tube,  he  (Mr.  Chree)  thought  that  some  reference  to  the  mathematical 
theory  laid  down  in  the  text-books*  would  be  useful.  Many  mathe- 
maticians, he  was  sure,  would  be  glad  to  know  what  view  engineers  take 
of  the  formula?  in  the  text- books  which  they  are  accustomed  to  use. 

One  final  word  on  the  terminology.  He  did  not  know  whether 
engineers  are  accustomed  to  apply  the  term  "hydrometer"  to  an  instru- 
ment intended  to  measure  current-velocities.  Such  a  usage  seemed  to 
him  regrettable,  in  view  of  the  long  and  general  application  of  the  term 
to  instruments  employed  in  measuring  the  density  of  fluids. 

Mr.  W.  H.  Dines  (Oxshott,  Leatherhead)  wrote  that  he  was  much 
interested  in  Prof.  Rateau's  paper,  and  could  not  help  noticing  how  in 
many  respects  he  has  reached  the  same  conclusions  as  he  had  done, 

*  Mr.  Lamb's  Hydrodynamics,  pages  '26  to  28. 
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although  it  was  quite  plain  that  he  had  not  seen  the  account  of  his 
(Mr.  Dines's)  experiments  on  the  same  subject.  Thus  the  statements 
about  the  Pitot  tube  *  are  very  similar  to  those  published  in  the 
Quarterly  Journal  of  the  Royal  Meteoroloyical  Society.^  His  experi- 
ments, however,  were  made  in  an  entirely  different  manner,  namely,  by 
moving  the  instrument  in  a  circle  of  28  feet  radius  at  speeds  up  to 
70  miles  an  hour.  Also  a  very  similar  suggestion  with  regard  to  the 
Dubuat  paradox  J  would  be  found  in  the  Rpport  of  Ihe  Cliirafjo  Mrfrom- 
loyical  Couyresn.  § 

There  can  be  very  little  doubt  that  the  it  regularity  of  the  air-current 
caused  an  exaggeration  of  the  mean  velocity  recorded,  but  he  thought 
that  in  the  case  of  the  natural  wind  (and  it  is  to  this  case  only  that 
his  experience  applies)  the  error  seldom  exceeds  10  per  cent.,  and  never 
greatly  exceeds  20  per  cent.  ;  also,  he  was  of  opinion  that  the  error  is 
much  greater  in  the  case  of  the  tube-anemometer,  of  whatever  form,  than 
m  the  windmill  style  of  instrument.  The  Pitot  tube  measures  the  mean 
increase  of  pressure  caused  by  the  current,  and  although  this  may  be 
translated  into  velocity  on  the  scale,  yet  it  is  the  velocity  corresponding 
to  the  mean  pressure  that  is  given,  and  this  must  inevitably  be  above 
the  true  mean  velocity,  save  in  the  one  case  of  perfectly  uniform  motion. 

In  using  any  form  of  tube-anemometer  it  is  most  important  to 
measure  the  difference  of  pressure  between  two  openings  exposed  to  the 
same  current,  but  the  form  shown  in  the  diagram  ||  seemed  very  un- 
suitable, because  it  is  practically  impossible  to  keep  the  guard-plate 
exactly  parallel  to  the  current.  In  an  arrangement  dependent  on  one 
opening  there  is  no  security  that  the  pressure  at  the  mouth  of  the  tube 
is  measured  against  the  standard  barometric  pressure  then  prevailing, 
and  in  consequence  a  large  error  in  the  recorded  velocity  may  occur. 

In  Prof.  Rateau's  experiments  with  1i  the  anemometer  swinging  on  a 
pendulum  it  appeared  to  him  that  the  motion  due  to  the  pendulum  may 
possibly  introduce  a  disturbing  effect.  Unless  this  motion  be  very  small 
when  compared  with  i\  or  v^,  the  air-currents  are  not  relatively  parallel 
to  the  axis  of  rotation  of  the  sails,  and  although  the  component  of  the 
velocity  parallel  to  this  axis  is  unaltered,  yet  the  registration  may  be 
effected,  for  he  had  found  by  experiment  that  an  anemometer  of  the 
windmill  type  does  not  show  the  proper  component  when  its  axis  of 
rotation  is  inclined  to  the  wind. 

*  Trmus.  Inst.  M.E.,  vol.  xvii.,  page  128.  +  October,  1890,  page  208. 

%  Tram.  Inst.  M.E.,  vol.  xvii.,  page  132.  §  Page  701. 

II   Trans.  Inst.  ALE.,  vol.  xvii.,  page  128.  II  Ibid,,  vol.  xvii.,  page  132. 
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He  could  not  agree  with  Prof.  Rateau's  statement.*  He  had  con- 
structed a  whirling-apparatus  with  a  very  thin  arm  (|  inch  by  7  inches 
with  the  edges  sharp,  the  arm  being  8  feet  long  and  stayed  by  fine  wire), 
but  this  did  not  do  away  with  the  necessity  of  the  correction.  This  was 
shown  l)y  the  fact  that  the  reading  of  an  anemometer  corresponding  to 
one  single  turn  was  different  if  the  turn  were  taken  when  the  apparatus 
had  been  some  time  at  rest,  and  if  it  were  taken  immediately  after  it  had 
been  some  time  in  use.  To  estimate  the  amount  of  the  correction  he 
used  a  very  thin  sheet  of  mica  hung  like  an  inn  sign-board,  and  placed 
just  outside  the  path  of  the  anemometer :  the  deflexion  of  the  mica  being 
noted  just  before  the  instrument  passed  the  spot.  He  had  no  hesitation 
in  saying  that  this  correction  cannot  be  assumed  to  be  a  simple  per- 
centage of  the  velocity,  and  that  its  correct  estimation  is  a  matter  of 
great  difficulty. 


The  following  paper  by  Mr.  John  J.  Sandemau  on  "The  Mineral 
Resources  of  Tasmania '  was  taken  as  read  :  — 


Traiu;.  Inif.  M.E.,  vol.  xvii.,  top  of  page  16L 
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THE  MINERAL  RESOURCES  OF  TASMANIA. 


By  JOHN  J.  SANDEMAN. 


Introduction 

Tasmania  being  an  island,  and  separated  from  Victoria  by  the  Bass 
Strait  is  much  cooler  than  the  other  Australian  Colonies.  The  rainfall 
is  plentiful,  hence  the  growth  of  underbrush  forms  a  dense  and  almost 


Fig.   1. — ViKw  ok  Forests  from  the  Curtin-Davis  Proprietary 
Mine,  looking  North-westward. 

impenetrable  jungle  (Fig.  1).  Notwithstanding  the  numerous  streams 
and  humidity  of  the  atmosphere,  this  thick  undergrowth  with  its  over- 
hanging forests  of  great  trees  will  burn  with  great  fury  ;  therefore 
precautions  to  i"provide  against  fire  in  the  vicinity  of  the  mines  are 
absolute  and  expensive  necessities  ;  on  one  occasion,  it  was  only  by  such 
precautions  that  the  writer  saved  the  works  and  buildings  of  a  company 
for  whom  he  was  acting  as  general  superintendent. 
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The  prospector  deserves  admiration  and  respect  in  most  parts  of  the 
world,  but  especially  so  in  the  bush  of  Tasmania.  No  pack-animals  can 
penetrate  the  tangled  vegetation,  and  the  explorer  has  to  carry  his  tools 
and  kit  on  his  back,  while  axe  in  hand  he  hews  his  way,  or  on  hands  and 
knees  crawls  along  the  bed  of  creeks  and  streams.  When  a  mine  is 
found,  the  fine  timber  covering  the  country  is  of  course  a  great  help  ; 
but  to  build  roads  through  such  a  country  is  an  extremely  difficult  and 
expensive  business.  Of  late  years,  tramways  have  been  found  both  more 
expeditious  and  useful  modes  of  carriage.  From  practical  experience, 
the  writer  has  ascertained  that  the  most  economical  way  of  building  a 
temporary  tramway  in  the  Tasmanian  bush  is  to  form  a  bed  of  the 
cleared  brushwood,  and  to  lay  logs  longitudinally  along  the  proposed 
route  to  support  the  sleepers  and  rails.  This  sounds  like  a  rough-and- 
ready  contrivance,  yet  in  boggy  ground  it  will  be  found  quite  suitable  for 
bringing  in  suppUes,  or  even  machinery  ;  in  very  soft  places  it  will  some- 
times sink,  but,  in  such  a  case,  the  original  supporting  material  will  form 
an  excellent  bed  for  a  similar  support. 

The  mineral  wealth  of  Tasmania  is  so  great  and  varied  that  it  is 

somewhat  difficult  to  know  where  to  begin.     Gold,  silver,  tin,  copper, 

lead,  nickel,  bismuth,  iron,  asbestos  and  coal  are  the  principal  minerals. 

The  colony  is  not  only  rich  in  metalliferous  minerals,  but  also  yields  a 

fail"  proportion  of  gems.     Practical  interest  has  been  principally  devoted 

to  zircons. 

Gold. 

The  gold-production  of  Tasmania  has  varied  considerably  during  the 
last  17  years  :  but  the  variation  can  be  explained  by  the  fact  that  the 
Tasmanian  mine  has  been  by  far  the  largest  producer,  and  that  the 
tremendous  rushes  of  water  to  which  that  mine  has  been  subjected  from 
time  to  time  have  temporarily  compelled  the  cessation  of  work.  The 
maximum  production  was  in  1896,  when  it  reached  62,591  ounces,  worth 
£237,574  ;  the  minimum  in  1890,  20,510  ounces,  value  £79,888  ;  for 
the  fii'st  half-year  of  1898,  29,599  ounces  and  £11'4,175,  of  which  the 
whole  yield  from  the  principal  gold-field  for  the  first  quarter  comes 
from  the  Tasmanian  mine,  where  the  pumps  proved  unequal  to  the 
water-inflow. 

As  the  writer  has  visited  many  mines  in  various  parts  of  the 
Australian  colonies  since  leaving  Tasmania,  he  is  somewhat  chary 
of  trusting  his  memory  for  the  particulars  of  the  geological  formation. 
He  will,  therefore,  take  the  liberty  to  copy  the  following  particulars  from 
the  Australian  Mraing  Standard: — 
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In  its  geological  structure,  the  Beaconsfield  gold-field  [in  which  the  Tasmanian 
mine  is  situated]  shows  much  more  varietj'  than  we  usuallj^  find  in  country 
carrying  auriferous  lodes.  .  .  .  The  crown  of  the  Cabbage-tree  Hill  [site  of  the 
Tasmanian  mine]  is  composed  of  conglomerates  and  grits,  which  lie  upon  slates 
and  sandstones  seen  farther  to  the  west.  On  the  eastern  side  of  the  hill  we  find 
well  stratified  beds  of  sandstone,  very  hard  and  much  jointed,  which  become  finer 
in  grain  as  we  go  eastward  and  pass  into  laminated  slates.  These,  again,  are 
succeeded  bj-  a  huge  bed  of  blue  [grey]  crystalline  limestone,  some  200  to  SOO  feet 
in  thickness,  and  this,  again,  by  a  succession  of  slate,  schist  and  limestone  strata. 
The  whole  formation  forms  a  conformable  series,  striking  from  north  42 
degrees  west  to  north  56  degrees  west,  and  dipping  to  the  north-east  at  an  angle 
of  about  65  degrees.  In  the  crown  of  the  ridge,  the  strata  shows  subsidiary 
anticlinal  and  synclinal  folds,  but  on  tlie  whole  the  general  dip  is  as  stated.  In 
some  of  the  sandstone-beds  a  few  fossils  occur,  from  whicli  the  age  of  the  strata 
has  been  determined  to  be  early  in  the  Lower  Silurian  period.  Towards  the 
Tamar  [river],  the  Siliuian  strata  are  overlain  by  horizontally -bedded  sandstones 
and  mudstones  of  the  Permo -Carboniferous  system,  but  these,  which,  doubtless, 
once  covered  the  whole  of  the  countryside,  have  been  quite  removed  by  denud- 
ation from  the  slopes  of  the  Cabbage-tree  Hill.* 

Tasmanian  Mine. — Up  to  January  31st,  1898,  this  mine  yielded 
350,625  tons  of  stone,  working  at  the  rate  of  1  oz.  3  dwts.  21  grains  per 
ton,  worth  £1,517,314.  Dividends  were  paid  to  the  amount  of  £667,161. 
The  company  was  formed  in  1877,  with  a  capital  of  £300,000  divided 
into  60,000  shares  of  £5  each,  of  which  3,000  are  fully  paid,  57,000 
paid  to  £2  8s.  each,  and  1,785  paid  to  £2  8s.  are  held  in  trust  by  the 
company.  A  very  large  amount  of  work  had  been  done  on  this  mine,  and 
from  the  400  feet  level  the  ground  had  practically  been  stoped  for  1,400 
feet.  The  lode  is  from  2  to  30  feet  wide  ;  at  the  lower  level  (717  feet) 
it  averages  about  7  feet.  In  the  wider  and  poorer  parts  of  the  lode,  it 
runs  only  to  16  dwts.  17  grains  to  the  ton,  but  this  is  without  the 
pyrites,  which  may  safely  be  allowed  to  bring  the  yield  to  over  1  oz.  per 
ton. 

There  are  six  sliafts  on  the  property,  two  of  these  are  not  now  used, 
while  a  third  is  kept  for  sending  down  timber,  etc.  These  three  shafts 
originally  had  pumps  in  them,  the  largest  shaft  (12  feet  by  6  feet),  how- 
ever, proved  sufficiently  large  to  raise  the  water  ;  though  a  new  shaft 
(18  feet  by  9  feet)  has  now  been  sunk  837  feet,  with  levels  at  59,  494, 
600  and  717  feet.  As  the  water  comes  in  at  the  rate  of  over  2,0o0 
gallons  per  minute,  powerful  pumps  are  required. 

In  the  main  shaft,  there  are  two  wrought-iron  columns  24  inches  in 
diameter  and  three  sets  of  plungers,  the  bottom  lift  being  plunger.  The 
engine  has  two  tandem  horizontal  cylinders  :  the  high-pressure  cylinder 

*  "  Tasmania  and  Its  Mineral  Wealth,"  special  issue,  July  1st,  1S98,  page  49. 
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being  46  inches  in  diameter,  and  the  low-pressure  72  inches.  There  are 
4  Galloway  boilers,  27  feet  long  by  7|  feet  in  diameter.  The  engine 
works  at  7  strokes  per  minute  with  a  stroke  of  9  feet.  The  inflow  of 
water  is  tremendous,  the  western  end  of  the  717  feet  level  having  to  be 
faced  with  boards,  backed  by  loads  of  rock,  over  which  the  water  issues 
like  a  roaring  torrent ;  in  the  eastern  end  it  spouts  from  a  crevice  in  the 
hanging-wall,  with  a  jet  7  or  8  inches  in  diameter. 

Although  this  enormous  flow  of  water  has  been  a  great  expense  to 
the  company,  it  is  utilized  to  a  considerable  extent — supplying  the 
battery,  and  feeding  impact  water-motors  which  drive  the  vanners  and 
the  electric-light  installation.  The  train-motor  to  and  from  the  battery 
is  a  Siemens  electric  motor. 

The  crushing-plant  is  divided  into  three  systems  of  20.  20  and  25 
heads,  with  three  Gates  rock- breakers  and  an  automatic  feeder  to  each 
five  heads  of  stamps,  the  feed-opening  of  the  latter  extending  the  whole 
length  of  the  box.  The  bottom  of  the  quartz-bin,  into  which  the  trucks 
are  tipped,  consists  of  a  moving  perforated  tray,  which  automatically 
passes  the  quartz  to  the  rock-breakers,  at  the  same  time  sieving  the 
material  and  thus  reducing  the  work  of  the  breakers.  The  battery 
screen-area  is  larger  than  that  of  most  of  the  Australian  mills,  but  to  the 
author's  mind  a  still  larger  area  and  greater  inclination  of  the  screens 
would  be  found  advantageous.  After  the  amalgamation-plates,  there  are 
two  classifiers  to  each  system,  the  finest  pulp  and  slime  passing  from 
them  over  an  inverted  pyramidal  box  of  the  spiizkaslen  type.  No 
blanket-sluices  are  used,  the  concentrations,  passing  over  vanners,  ranged 
two  and  two  and  back  to  back,  the  vanners  working  in  one  direction, 
thus  necessitating  only  one  direct  shoot  for  each  product. 

I'he  discovery  of  this  mine  was  made  by  a  man  named  Dally,  near 
the  top  of  an  elevation  known  as  Cabbage-tree  Hill,  from  which  it  was 
traced  to  the  north-east,  into  the  flat  below.  The  strike  of  the  reef  is 
about  north  47  degrees  east,  underlying  a  little  less  than  1  in  3.  Mr. 
Montgomery,  the  Government  Geologist,  designates  it  as  a  fault-fissure 
displacing  the  beds  of  the  country,  at  an  angle  of  76  degrees,  and 
dipping  north-east ;  the  intersection  of  each  bed  with  the  plane  of  the 
reef  pitching  to  the  east,  and  the  shoots  of  gold  follow  the  same 
direction.  The  reef  is  broken  by  several  faults,  the  largest  of  which 
heaves  it  230  feet  to  the  north  ;  the  next  largest  fault  heaves  the  lode 
40  feet  at  a  short  distance  from  the  surface,  62  feet  at  the  59  feet  level, 
and  101  feet  at  the  717  feet  level.  On  the  western  side,  the  reef  appears 
to  change  its  course  to  a  north-westerly  one.     Mr.  Montgomery,  how- 
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ever,  is  of  opinion  that  the  reef  has  uot  yet  been  found  on  the  western 
side,  that  supposed  to  be  such  being  a  cross-reef.  Whatever  may  be  the 
correct  expknation,  so  little  gold  has  been  found  west  of  this  fault  that 
the  mine  practically  terminates  there.  The  two  main  faults  converge 
and  join  to  the  south  of  the  lode  ;  between  them  are  several  small 
reversed  faults,  and  it  seems  as  though  the  great  wedge  between  the  cross- 
courses  had  been  thrust  northward.  This  faulting  is  worth  studying, 
for  though  unusual,  it  is  not  exceptional,  a  similar  case  having  come 
under  the  wi-iter's  observation,  on  a  small  scale,  in  California. 

Mafhinna  stands  second  as  a  gold-producing  district,  and  like  that  of 
Beaconsfield,  it  owes  a  great  part  of  its  prosperity  to  the  New  Golden 
Gate  mine.  Although  the  wi-iter  had  been  through  this  country  on 
several  occasions,  he  had  always  been  on  his  way  elsewhere,  and  in  a 
hurry  ;  he  would,  therefore,  treat  of  it  briefly.  The  geological  formation 
is  red  clay-slate.  The  lodes  run  north  and  south,  dipping  to  the  east, 
and  are  generally  most  productive  when  the  course  is  a  little  east  of 
north.  In  depth,  the  clay-slates  give  place  to  hard  blue  slate,  where 
the  lodes  are  most  productive. 

The  New  Golden  Gate  shaft  is  now  sunk  down  to  a  depth  of  1,380 
feet.  The  lode  averages  about  3  feet  in  width,  and  some  parts  of  the 
quartz  pays  over  10  ounces  to  the  ton.  All  stone  crushed  has  averaged 
18  dwts.  IG  grains  per  ton.  The  mine  is  practically  di-y,  and  easily  kept 
free  from  water  without  the  aid  of  pumps.  The  winding-machinery  is 
capable  of  hoisting  from  a  depth  of  3,000  feet.  Rock-drills  driven  by 
compressed  air  are  used.  Lathe,  drilling,  punching  and  planing 
machines  are  used,  also  a  saw-mill,  the  latter  close  to  the  shaft.  The 
motive  power  for  this  work  is  a  Westinghouse  engine,  which  also  drives 
12  frue-vanners  and  a  Denny-and-Watson  pan,  a  battery  of  4u  stamp- 
heads,  which,  with  the  frue-vanners  and  classifiers,  form  a  plant 
resembling  that  of  the  Tasmanian  mine.  The  concentrations  run  about 
7  ounces  to  the  ton,  and  are  shipped  to  New  South  Wales  for  sale.  A 
small  copper-plate  on  the  distributing  vanner-ljoxes  is  found  to  l)e 
advantageous.  The  cost  of  raising,  crushing,  repairs,  renewals  and  all 
other  incidental  expenses,  including  management,  was  at  the  rate  of 
£1  lis.  8d.  per  ton.  This  company  have  lately  added  a  complete 
potassium-cyanide  plant  to  the  equipment. 

Lefroy. — The  wiiter  will  now  describe  a  gold-field  with  which  he  is 
well  acquainted.      He  will,  however,  dispense  with  an  account  of  the 
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various  mines  and  plants,  none  of  which  prove  of  more  than  ordinary 
interest,  while  some  of  them  show  an  extraordinary  amount  of 
ignorance  and  want  of  ability  in  development.  The  blame  does  not  all 
lie  on  the  mine-managers,  some  of  whom  are  good  practical  miners  ;  but 
before  trying  to  place  it  he  will  give  two  instances  of  what  can  be  done. 
One  mine  with  a  called  up  capital  of  £480  raised  45,00ii  tons  of  quartz, 
from  which  £124,179  was  extracted,  and  £70,500  paid  in  dividends. 
The  other  one  subscribed  a  capital  of  £2,300,  raised  10,486  tons  of 
quartz,  giving  27,700  ounces  of  gold,  valued  at  £109,000,  and  paid 
£60,600  in  dividends.  In  both  cases  these  returns  were  made  in  3 
vears.     One  great  stumbling-block  in  the  way  of  mine  developments  is 


Fig.  2. — View  of   Lefeoy, 

the  procedure  usually  followed  by  the  directors  of  the  mining  companies. 
When  the  mine  is  producing  well,  all  income  is  spent  in  dividends  ; 
when  dead-work  has  to  be  done,  these  gentlemen  give  the  mine-manager 
the  benefit  of  their  great  experience  as  to  what  should  be  done,  with  the 
result  that  the  manager  leaves,  if  he  knows  his  business,  or  else  he 
becomes  a  foreman  under  the  direction  of  those  who  are  far  better 
qualified  to  distribute  gold  than  to  mine  it. 

Lefroy  is  a  rolling  country,  no  hill  in  that  mineral-belt  being  high 
enough  for  advantageous  tunnelling  (Fig.  2).  There  is  not  too  much 
timber  and  very  little  undergrowth  ;  but  the  newcomer  finds  it  difficult 
to  prospect,  for  the  regular  formation  is  in  places  covered  with  from  10 
to    30    feet    of    quartz-gravel.      The  formation    is   Silurian — slate  and 
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sandstone— the  former  carrying  most  of  the  sixteen  lodes  with  which 
it  is  intersected.  The  lodes  themselves  are  fault  lodes,  running  east- 
and-west  at  various  angles,  the  dips  being  equally  irregular.  The 
quartz  carries  much  iron,  copper  and  arsenical  pyrites  and  some 
sulphide  of  antimony,  the  latter  being  rich  in  gold  in  the  favoured 
parts  of  the  lode. 

One  peculiarity  of  this  district,  for  which  no  geologist  has  yet 
accounted,  is  the  giving  out  of  the  gold  at  depths  varing  between  400  and 
450  feet.  Frequently,  the  lode  continues  strong,  carrying  the  pyrites  and 
is  apparently  the  same  in  all  particulars,  except  the  gold.  No  apparent 
change  in  the  surrounding  formation  accounts  for  this  depletion.  The 
writer  visited  a  number  of  mines,  and  made  most  careful  examination  of 
the  lodes  and  enclosing  strata.  It  is  true  that  in  some  cases  he  observed 
faults  in  the  formation,  which,  however,  showed  no  signs  of  having  dis- 
turbed the  lode.  Some  of  the  old  miners  and  local  experts  attribute  the 
depletion  to  the  volcanic  rising  of  the  land  above  sea-level,  maintaining 
that  some  liquid,  which  sought  a  certain  level,  had  extracted  the  gold. 
Mr.  Montgomery  silenced  this  theory  by  asserting  that  the  present  level 
of  the  country  had  at  one  time  been  below  sea-level,  and  also  pointed 
out  that  the  difference  of  elevation  of  the  various  mines  made  no 
difference  to  the  fatal  depth  of  about  450  feet.  With  all  due  respect  to 
Mr.  Montgomery's  undoubted  ability  as  a  geologist,  the  writer  begs, 
however,  to  suggest  that  to  upheaval  may  be  attributed  the  different 
levels  of  the  mines,  an  upheaval  which  has  probably  taken  place  in 
comparatively  recent  times.  Mr.  Montgomery  says  also  that  "the 
principal  cause  of  the  gold  giving-out  in  depth  seems  to  be  the 
disrupting  of  the  stone  by  faulting  movements  of  the  walls."  This 
explanation  may  apply  to  a  few  mines,  such  as  the  Volunteer  mine, 
but  certainly  not  to  the  Chums  and  the  majority  of  the  mines.  From 
mining  reports,  kindly  furnished  him  by  the  Agent-General  of  Tas- 
mania, the  writer  learns  that  the  New  Pinafore  mine  has  struck  gold 
at  a  depth  of  800  feet  in  the  lode,  and  again  at  a  depth  of  1,250  feet 
in  pockets. 

East  and  west  of  the  profitable  mineral  belt,  a  ridge  of  hard  slate 
conformable  to  the  strata  (which  runs  north-west  and  south-east) 
forms  natural  boundaries.  As  the  lodes  approach  or  run  into  the  hard 
country  they  become  small  and  finally  pinch  out.  Between  these  ridges 
the  country  is  comparatively  soft,  and  the  lodes  nearest  to  the  centre 
are  the  richest  in  free-milling  gold. 

From  the  self-evident  facts  and  the  scientific  inductions  of  the  late 
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Government  geologist  ("Mr.  ^Montgomer-y),  it  is  plain  that  large  areas  of 
gold-bearing  gravels  are  buried  in  the  Lefroy  district.  Diamond-drills 
have  brought  up  gold  from  these  gravels,  but  so  far  the  necessary  capital 
for  further  and  surer  information  has  been  wanting.  There  is  one  thing 
certain  :  the  gravels  of  the  district  carry  more  or  less  gold  on  the  surface, 
and  where  the  gravels  are  capped  with  basalt  they  liave  proved  rich  in 
coarse  gold  and  sometimes  in  nuggets.  The  course  of  the  main  deep- 
lead  is  known  approximately,  and  some  day  it  will  be  opened  up  and 
cause  a  boom,  for  should  Mr.  Montgomery's  theory  prove  correct,  the 
gold  would  be  plentiful. 

Silver. 

Zedinn. — On  the  "West  Coast,  the  Zeehan  field  is  rapidly  proving 
that  the  writer's  impressions  of  it  were  correct.  This  country  would 
have  been  well  known  to  the  public  long  ago,  but  it  laboured  under  an 
epidemic  of  Australian  Broken  Hill  miners,  who  brought  local  prejudice 
with  them,  and  seemed  to  imagine  that  gossan  was  a  sure  sign  of 
wealth.  Large  sums  of  money  were  expended  on  gossan  outcrops,  while 
the  galena-lodes,  from  which  they  Avere  faulted,  lay  in  sight  untouched. 
The  advent  of  men  of  wider  experience  and  larger  scientific  knowledge 
changed  the  mode  of  working,  and  as  soon  as  attention  was  turned  to 
the  galena  outcrops,  the  whole  distiict  advanced  with  rapid  strides. 
The  introduction  of  British  capital  stimulaterl  business,  and  although 
some  of  that  capital  has  been  wasted  and  misapplied,  it  has  brought 
with  it  a  soberer  and  more  intelligent  class  of  mine  managers.  The 
generally  accepted  assertion  that  shafts  could  not  be  put  down  over 
20  feet  without  pumping  machinery  has  proved  a  fallacy,  and  the 
founding  of  a  well  conducted  school  of  mines  will  soon  widen  the  views 
of  some  of  the  "  old  timers." 

The  geological  formations  are  principally  a  dark  blue  slate  and  a 
brown  sandstone.  The  writer  was  extremely  lucky  in  discovering  lodes 
in  this  district  :  his  success,  however,  he  owes  to  a  fact  not  generally 
recognized— the  presence  of  very  small  rhombic  prisms  of  a  white  colour 
distributed  through  the  soil  in  the  vicinity  of  silver-lead  outcrops. 
These  are  soft  and  brittle,  having  an  astringent,  m-tallic  taste.  The 
crystals  arc  probably  the  result  of  the  decomposition  of  pyrite,  and 
although  not  found  adjacent  to  all  the  Zeehan  lodes,  yet  he  never  found 
this  white  substance  without,  on  further  research,  finding  galena. 

The  Dundas  Silver  Distrirt. — The  writer  has  not  visited  this  district 
since  the  2  feet  gauge  railway  has  been  built  and  the  mines  have  been 
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partly  opened  up  ;  yet  the  impressions  left  on  his  mind  were  vivid 
enough  to  remain.  All  the  lodes  that  he  visited  were  true  fissures,  and 
one  of  them  was  a  contact-vein.  The  very  large  quantity  of  chromate- 
of-lead  crystals  on  the  capping  of  the  lodes  is  certainly  unusual.  In 
Arizona  and  some  parts  of  Brazil  these  crystals  are  found  sparsely 
distributed  on  a  few  lodes,  and  when  found  are  considered  excellent 
indications  of  richness.  The  geological  formation  of  Dundas  needs 
careful  study:  it  includes  slate,  sandstone,  and  a  peculiar  fine-grained 
rock  that  appears  to  be  aboat  half  way  between  basalt  and  serpentine. 
The  lodes  in  the  latter  formation  seem  to  carry  the  most  lead-chromate 
crystals  ;  but,  from  a  careful  examination  of  the  small  cross-cuts  at  that 
time,  he  inferred  that  this  lead  chromate  will  not  be  found  to  accom- 
pany the  lodes  downwards.  In  one  place,  the  writer  picked  out  of  the 
Davis  lode  a  small  copper-coloured  crystal,  which  the  owner  maintained 
was  native  copper.  Upon  testing  this  crystal  subsequently,  he  found 
that  it  was  sulphide  of  cobalt. 

The  rugged  and  precipitous  character  of  the  Dundas  field  renders  it 
very  difficult  of  approach,  yet,  this  is  more  than  compensated  by  the  ease 
with  which  the  mines  can  be  explored  by  adit-levels.  Some  of  the  lodes 
could  be  easily  intersected  at  a  depth  of  800  or  1,000  feet  by  a  cross-cut 
at  the  cost  of  a  few  hundred  pounds.  The  galena  in  the  lodes  is  patchy, 
the  principal  matrix  being  carbonate  of  iron,  and  judging  the  lodes  hj  his 
practical  experience  in  Arizona,  he  anticipated  that  sulphide  of  silver 
would  be  found  in  depth.  The  writer  learns  that  of  late  both  tin  and 
bismuth  have  been  found  in  this  locality,  though  he  would  imagine  that 
the  presence  of  the  former  metal  was  very  unlikely  in  any  part  of  the 
Dundas  field  that  he  visited.  Notwithstanding  the  adverse  opinions 
expressed  by  experts,  both  before  and  since  he  examined  the  Dunclas 
field,  he  believed  that  it  has  a  splendid  future,  and  that  the  lodes  will  be 
worked  profitably  long  after  the  neighbouring  country  of  Zeehan  has 
been  exhausted.  Australian  and  Tasmanian  engineers  are  too  much 
inclined  to  take  Broken  Hill  and  a  few  other  rich  mineral  centres  as  a 
pattern  on  which  the  success  of  all  other  fields  depend  ;  and  should  the 
latter  prove  different  in  appearance  they  at  once  condemn  them,  thus 
preventing  the  advent  of  capital,  and  sometimes  damaging  their  own 
credit  as  professional  men. 

Tin. 

The  tin-production  of  Tasmania  holds,  the  writer  believes,  the  first 
place  among  the  Australian  Colonies.  Up  to  the  end  of  1897,  this  little 
island  had  produced  80,000  tons  of  tin,  valued  at  £(),500,000.    Of  this,  one 
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mine,  the  Mount  Bischoff  contributed  about  £i', 700,000.  This  mine  is 
situated  on  an  elevation  known  as  Mount  Bischoff,  which  is  practically  a 
mountain  of  tin-ore.  On  the  south  or  working  side,  the  ground  rises 
with  a  gentle  slope  to  the  summit,  whence  it  falls  steeply  into  the  valley 
of  the  Arthur  river.  The  mine  is  worked  in  three  open  faces  or 
quarries  :— The  Brown  Face,  the  Slaughter  Face,  and  the  White  Face. 

The  Brown  Face  (Fig.  3)  forms  a  semicircular  quarry  over  700  feet  in 
leniith  from  end  to  end;  at  its  western  end  a  wall  of  slate  supports  it,  but 


Fig.  3.  —View  of  the  Brown  Face  Workin-gs  of  the  Mount 
Bischoff  Tin-mine. 


elsewhere  the  whole  length  of  the  huge  deposit  is  dressed  off  at  an  angle 
that  enables  men  to  work  with  safety,  while  the  dislodged  ore  runs 
easily  down  to  the  ground-level,  where  it  is  loaded  into  trucks  drawn  by 
a  locomotive.  The  ore  consists  of  brown  oxide  of  iron,  gossan,  easy  to 
pick  down,  and  carrying  nearly  3  per  cent,  of  black  tin  ;  it  is  at  present 
110  feet  deep,  and  has  been  further  proved  to  a  depth  of  260  feet. 
Below  the  present  working-floor,  thin  veins  of  cassiterite  and  masses  of 
tin-  and  iron-pyrites  take  the  place  of  the  gossan  found  on  the  surface. 

The  Slaughter  Face  is  of  similar  character,  but  the  gossan  is  a  little 
harder  and  more  compact';   its  full  length  is  1,000  feet,  and  it  is  opened 
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for  about  half  that  distance  and  about  150  feet  in  depth.  This  deposit 
is  230  feet  wide,  and  the  quality  of  ore  still  to  be  taken  out  represents 
over  a  million  pounds. 

The  White  Face  is  an  alluvial  deposit,  1,500  feet  in  length  from  east 
to  west,  and  400  feet  from  north  to  south.  It  averages  at  present  about 
30  feet  deep,  sloping  upwards  from  a  few  inches  to  70  feet,  and  carries 
2i  per  cent,  of  black  tin— all  parts  of  the  face  equalling  from  2  to  3  per 
cent.  The  floor  consists  of  boulders  of  carbonate  of  iron,  magnetic 
pyrites,  blende  and  clay  ;  but,  however,  it  carries  little  or  practically  no 


Fio.  4.  -View  of  the  Lower  Workings  of  the  Mount 
BiscHuFF  Tin-mine. 

tin,  though  it  has  been  sunk  to  a  depth  of  nearly  100  feet,  without 
any  change.  The  same,  or  very  similar,  materials  are  found  at  the 
eastern  and  western  extremities  of  the  other  faces. 

A  drift  has  been  driven  completely  through  the  mountain  :  it  passes 
under  the  Brown  Face  at  a  depth  of  260  feet,  where  a  level  has  been 
driven  700  feet  on  a  lode  5  feet  wide,  and  carrying  17  per  cent,  of  tin. 

Mount  Bischoff  may  be  described  roughly  as  a  mountain  of  slate  and 
sandstone  intersected  by  a  great  dyke  of  quartz-porphyry  running  north- 
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eastward  with  numerous  branching  dykes.  In  some  pLaces  the  main  dyke 
consists  of  topaz-porphyry  :  it  carries  most  of  the  tin,  the  branching 
dykes  being  barren. 

Less  than  ^  per  cent,  of  tin  is  lost  in  the  tailings.  Yet,  with  a 
comparatively  small  capital,  Mr.  H.  W.  F.  Kayser,  the  able  manager, 
has  overcome  enormous  difficulties  so  as  to  supply  the  mill  and  other 
machinery  with  sufficient  motive  power  ;  all  the  available  streams  in 
the  vicinity  have  been  compelled  to  contribute  their  part  ;  7  miles  of 
water-races  have  been  constructed  and  1 1  dams  of  800,000,000  gallons 
total  storage-capacity  (Fig.  5).     This  work  has  been  accomplished  under 


Fic. 


\  lEw  OF  THE  Dams  from  the  Brown  Face  Workings 
OF  THE  Mount  Bischoff  Tin-mine. 


great  difficulties,  for  the  mine  is  elevated  above  most  of  the  surrounding 
country.  To  make  the  most  of  the  available  supply,  7  overshot  water- 
wheels,  averaging  30  feet  in  diameter,  have  been  constructed,  one  below 
the  other,  so  that  the  same  water  may  drive  them  all.  Seventy-five  heads 
of  stamps  are  used,  the  product  is  classified  into  sand  and  slime,  the  latter 
being  elevated  by  hydraulic  jets,  and  the  former  passes  into  30  double- 
compartment  Hartz  jigs.  The  slimes  are  further  treated  on  39  convex 
rotating-tables  from  10  to  1.5  feet  in  diameter  ;  each  table  takes  8  cwts. 
of  slime  per  hour,  and  requires  |  horsepower  to  drive  it.     The  sand 
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from  the  jigs  passes  into  15  concave  buddies  (20  feet  in  diameter).  The 
jigs  save  75  per  cent.,  the  concave  buddies  if  per  cent,  and  the  slime 
tables  15  to  20  per  cent,  of  the  tin.  The  dressed  ore  is  cleaned  in 
dressing-tubs  and  sent  by  rail  to  the  nearest  sea-port,  whence  it  is 
shipped  to  Launceston  and  treated  in  small  reverberatory  furnaces,  the 
total  loss  ill  smelting  being  4.t  per  cent.  It  is  estimated  that  the 
Blount  Bischoff  mine  has  enough  ore  in  sight  to  run  for  10  years 
without  the  necessity  of  touching  the  exposed  pyritous  products,  and 
that  it  will  continue  to  occupy  the  same  position  in  the  tin  world  that 
Mount  Morgan  occupies  as  a  gold-producer. 


Fig.  6.  -View  of  the  DrI'>sing -sheds  of  the  Mount 
Bischoff  Tix-mine. 


The  Blue  Tier  Dlstikl  is  a  part  of  Tasmania  that  requires  more 
careful  attention,  and  more  experienced  miners  than  it  has  yet  received. 
Prof.  Ulrich  speaks  of  the  Blue  Tier  mines  as  stockworks,  and  Mr. 
Montgomery  describes  them  as  intrusive  dykes  of  stanniferous  granite. 
As  far  as  the  writer's  experience  goes,  Prof.  Ulrich  is  most  certainly 
wrong,  and  Mr.  Montgomery  as  surely  correct.  The  Anchor  tin-mine 
may  be  a  stockwork  (he  had  not  been  to  it),  but  if  it  is  a  stockwork,  it 
differs  materially  from  all  others. 
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For  30  years  the  Blue  Tier  mine  has  been  famous  for  its  great 
stanniferous  dykes.  The  debris  from  these  ore-bodies  was  worked 
successfully  for  many  years  by  local  companies  and  prospectors.  The 
question  naturally  arises,  "  How  can  so  rich  a  country  have  remained 
practically  unworked  for  so  long  a  time  ?"  i^lany  ill-managed  companies 
have  started  work,  yet,  even  when  successful  for  a  time,  a  sudden  change 
of  managers  would  again  throw  them  back,  oi-  juitly  frighten  the  share- 
holders and  entirely  break  up  the  company. 

The  writer  estimates  that  f  per  cent,  of  tin  per  ton  would  more 
than  pay  for  mining  and  reduction-expenses  ;  and  as  few  of  the  reefs 
will  return  less  than  1  per  cent,  there  is  a  good  margin  for  profit.  Of 
course  water-power  must  be  utilized,  and  the  shafts  should  not  be  sunk 
(as  has  been  done)  in  places  that  necessitate  raising  the  ore  25  or  30 
feet  above  the  landing  platform  ;  and  batteries  of  estal:»hshed  utility 
must  be  erected.  With  modern  appliances,  a  free-milling  stanniferous 
dyke  is  not  expensive  to  work,  provided  that  the  manager  is  a  mining 
engineer  in  the  true  sense  of  the  word.  The  New  Moon,  Old  Macgough 
and  other  properties  have  been  stopped  through  bank  failures  and  the 
want  of  high-class  machinery  ;  yet  the  development  of  the  Anchor, 
Liberator  and  Australia  mines  will  surely  bring  these  and  other  proper- 
ties to  the  position  that  they  should  have  occupied  several  years  ago. 
The  Blue  Tier  mine  occupies  the  summit  of  a  steep  mountain-range, 
and  therefore  the  lodes  could  be  tapped  by  a  tunnel  at  almost  any 
practical  depth.  To  accomplish  a  task  of  this  character,  the  properties 
should  be  amalgamated  (an  almost  impossible  task  under  local  com- 
panies) or  the  mining  laws  receive  an  additional  law  regarding  tunnel 
rights— that  of  the  United  States  dealing  with  the  subject  is  excellent. 

The  entire  mining  code  of  Tasmania  needs  careful  revision,  and  no 
better  proof  of  this  fact  can  be  offered  than  the  fact  that  its  provisions 
are  constantly  evaded  by  speculators.  The  writer  once  made  a  similar 
remark  to  a  Commissioner  of  Mines,  to  which  he  replied  indignantly 
that  "  the  Mining  Act  and  regulations  were  the  prospectors'  Bible." 

Copper. 

With  regard  to  the  rapidly  increasing  copper-production  of  Tas- 
mania, the  writer  draws  the  following  information  from  reports  of  the 
Mount  Lyell  Mining  Company. 

The  Mount  Lyell  is  not  only  one  of  the  greatest  mines  in  the 
southern  hemisphere,  but  it  may  be  said  that,  judged  l^v  its  prospects,  it 
occupies  a  foremost  place  among  the  foremost  mines  in  the  world.    This 
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district  aiul  tlie  rest  of  Tasmania  is  a  country  of  magnificent  possibili- 
ties, which  require  only  capital  and  energy  to  become  probabilities.  Her 
coal-production  is  limited  by  the  local  demand,  and  is  capable  of  large 
development.  AVith  plenty  of  coal,  timber,  and  water  she  must  certainly 
advance  rapidly,  especially  as  the  climate  is  free  from  extremes  of  heat 
or  cold.  After  all  the  boasts  and  promises  of  company-promoters  it  has 
been  reserved  for  the  Mount  Lyell  Company  to  convert  promises  into 
performances,  redeem  the  credit  of  the  colony,  and  lift  it  into  prominent 
position  as  a  field  of  remunerative  enterprise. 

This  company,  like  most  of  those  in  Tasmania,  is  a  no-liability 
company— a  form  of  commercial  enterprise  of  small  risk  and  large 
prospective  profit. 

The  following  extract*  from  Mr.  Peters"  report  may  prove  interesting: 

From  the  noitlieni  slopes  of  Mount  Owen,  .  extending.  .  .  some  30  miles  north- 
westerly, a  wide  band  of  hydro-mica  schist  stretches  through  the  country, 
interspersed  with  bands  of  conglomerate  and  quartzite,  and  containing 
numerous  intercalated  layers  of  pyrites,  mostly  of  small  size.  In  most  places  the 
pyrites  is  simply  disseminated  in  bands  through  the  country-rock,  and,  so  far  as 
I  have  determined,  it  carries  copper,  gold  and  silver,  in  about  the  same  proportions 
as  does  the  great  mass  of  the  Mount  Lyell  mine,  thus  differing  from  the  latter  only 
in  size.  The  rapid  decay  of  the  soft  schist  has  set  free  the  pyrites  contained  in  it, 
which  in  its  turn  has  quickly  decayed,  the  sulphide  of  iron  and  copper  dissolving 
in  the  water,  together  with  most  of  the  silver,  whilst  the  gold,  being  almost 
insoluble,  has  collected  iu  the  gra^■el  in  the  valley  below,  thus  forming  the  alluvial 
deposits  of  the  Linda  valley.  The  above  explanation  is  of  considerable  importance, 
for  the  occurrence  of  a  moderately  rich  alluvial  deposit  in  the  valley  immediatelj' 
below  the  .  .  .  mine,  and  from  which  it  was  evidently  in  part  derived,  has 
originateil  the  mistaken  idea  that  wherever  in  this  belt  alluvial  gold  is  found,  a 
great  deposit  of  pji'ites  may  be  expected  in  the  hills  above  it. 

This  is  true  in  a  certain  sense,  but  practically  it  is  .  .  .  niisleading,  for  although 
the  gold  is  no  doubt  derived  from  the  decomposition  of  the  pyrites,  yet  the  pyrites 
that  furnished  it  need  not  necessarily  be  in  a  concentrated  and  workable  form.  On 
the  contrary,  it  is  much  more  likely  to  come  from  the  thin  layers  disseminated 
through  the  great  band  of  schist  referred  to,  and  the  existence  of  an  enormous 
mass  of  pyrites,  as  at  Mount  Lyell,  might  simply  make  the  alluvial  ground  below 
it  somewhat  richer  than  usual.  And,  indeed,  this  is  just  what  we  find  in  practice,  the 
only  profitable  alluvial  grounds  hereabouts  being  immediately  below  your  great  ore- 
body  ;  whilst  every  gully  that  heads  in  this  belt  of  schist  carries  the  same  fine 
particles  of  gold,  but  not  in  sufficient  abundance  to  pa}-  for  working  it  with  the 
limited  water  [-supply]  hitherto  available. 

Yet  this  argument  does  not  in  the  least  forbid  the  occurrence  of  similar  great 
bodies  of  pyrites.  Indeed,  experience  has  taught  us  that  the  conditions  that 
cause  the  formation  of  these  enormous  deposits  are  extensive  and  far-reaching,  and 
that  two  or  three  such  bodies  are  likely  to  be  found  in  close  proximity,  either 
longitudinally  or  vertically. 

♦"Tasmania  and  Its  Mineral  Wealth,"  special  issue  of  Tht  Australian 
Mining  Standard,  July  1st.  1898,  page  10. 
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I  dislike  exceedingly  to  indulge  in  any  theorizing  as  to  the  formative  causes  of 
mines  in  a  business  report  :  but  in  reality  the  following  i-emarks  pertaining  to  the 
manner  in  which  such  beds  of  pyrites  as  that  under  examination  are  deposited,  are 
actually  as  practical  and  important  as  most  any  portion  of  my  report,  as  unless 
one  has  a  clear  idea  of  how  these  great  bodies  of  the  valuable  metals  in  com- 
bination with  sulphur  are  originated,  one  cannot  understand  either  how  to  work 
them  to  the  best  advantage  or  to  prospect  with  the  best  hopes  of  success  for 
other  similar  deposits.  Hence  the  necessity  for  the  following  brief  account  of 
then-  probable  origin,  based  entirely  upon  the  observation  of  practical  men,  and 
demonstrated  to  be  true  of  bodies  of  similar  sulphides  that  may  be  watched 
forming  at  the  present  day  in  various  countries,  though  with  such  slowness  that 
onlj-  careful  observation,  at  long  intervals,  shows  the  stead}-  growth  in  them  that  is 
taking  place  constantly.  .  .  .  The  only  thing  unique  about  .  [this  property, 
however],  is  its  high  percentage  of  copper,  gold  and  silver  in  connexion  with  its 
great  size  ....  l)ut  as  large  deposits  that  are  also  as  rich  are  not  known. 
These  deposits  .  .  .  have  probably  been  formed  before  the  period  of  mountain- 
building  began  in  this  countrj' ;  and  wlien  the  layei-s  of  schist,  that  are  now 
nearly  vertical,  were  in  the  same  horizontal  position  [as  that]  in  which  thej-  were 
originally  laid  down.  They,  or  neighbouring  rocks,  contain  particles  of  iron- 
pyrites  carrying  the  valuable  metals,  as  is  exceedingly  common  with  all  varieties 
of  sedimentary  rocks.  The  waters  flowing  through  the  gradually  decayed  and 
dissolved  p;yTites,  as  one  can  see  it  doing  to-day  in  most  .  districts,  and  the  streams 
flowing  into  some  lagoon  or  bog-hole,  came  in  contact  with  the  peaty,  organic 
acids  that  ai'e  always  found  in  the  waters  of  swamps,  and  that  have  the  peculiarity 
of  throwing  down  the  metals  out  of  their  solutions.  These  metals  were  thus  preci- 
pitated in  the  same  state  that  they  were  originally-  in  the  rock,  but  in  a  massive 
concentrated  form,  instead  of  being  disseminated  in  minute  particles  throughout 
the  rocks.  In  time,  the  slowly-growing  mass  of  pjTites  filled  the  swamp-hole, 
or  more  probably,  a  chain  of  holes  of  great  horizontal  extent  in  comparison  with 
the  depth  ;  the  country  was  [then]  slowly  covered  with  the  pebbles  that  now 
form  the  conglomerates,  or  the  mud  that  we  now  see  in  the  shape  of  slates  or 
schists ;  and  the  pyrites-beds  were  buried  hundreds  of  feet  under  these  newer 
rocks.  When  the  mountains  were  elevated,  these  layers  of  rocks  were  tilted  into 
their  present  highly  sloping  position,  and  if  the  upturned  edges  happened  to 
break  across  one  of  these  hidden  deposits  of  pyrites,  it  was  brought  to  the  light 
of  day. 

Remembeiing,  therefore,  that  its  present  so-called  width  .  .  was  its  former 
depth  when  in  its  original  position,  we  may  see  what  an  enormous  depth  we  may 
look  for.  For  what  we  call  depth  now  was,  of  course,  originally  its  lateral  or 
longitudinal  extent.  And  we  all  know  that  the  surface-extent  of  an  ordinary 
pool  is  .  .  .  usually  many  scores  of  times  greater  than  its  depth.  As  the 
present  thickness  (former  depth)  is  over  300  feet,  we  may  reasonably  expect  its 
extent  into  the  earth  (former  surface)  will  be  far  deeper  than  we  can  follow  it 
[with  modern  appliances]. 

The  mine  is  worked  in  a  series  of  benches  extending  from  top  to 
bottom  of  the  pyrites-deposit.  The  ore  is  quarried,  broken  to  convenient 
sizes  for  handling,  and  passed  through  furnaces  without  further  disinteg- 
ration. To  every  10,000  tons  from  the  open  faces,  800  tons  are  added 
from  a  tunnel  of  high-class  ore.  So  far  the  development  is  in  its  infancy, 
and  fresh  reserves  of  good  ore  are  constantly  exposed  as  the  work  pro- 
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ceeds.     The  haulage  to  the  smelters  is  effected  by  an  overhead  tram, 
and  also  on  the  ground-level  by  trucks. 

Recent  workings  have  been  as  follows  : — 

l-nS.  1897  Half-year.  Previous  Half-year 

Costs  per  Ton  £      s.        d.  £     s.        d.  £      s.         d. 

Mininc;  operations  ...         0     2     4-64        0     1     4-88         0     1     8-27 

Overburden  removal         ...         0     2     0  0     2     0  0     2     0 

Smelting  operations  0  17     9-87         0  10     2-44         0  18     1-64 

Converter 0     2     !)18         0     3     7-78         0     3  10-39 


Totals      £1     4  11-69      £1     3     3-1         £1     5     8-3 

Great  inconvenience  is  caused  by  the  absence  of  proper  roads,  the 
scarcity  of  first-class  miners,  and  the  disinclination  of  workmen  to  face 
wet  and  stormy  weather  in  the  open,  where  the  usual  rainfall  amounts  to 
from  90  to  140  inches  per  annum  ;  and  such  conditions  necessarily  raise 
the  cost  of  development.  The  company,  although  of  comparatively  recent 
formation,  now  possess  their  own  railway,  extensive  repairing  and  other 
workshops,  brickmaking  plant,  lime-kilns,  saw-mills,  smithies  and 
carpentry  shops,  and  a  large  foundry  is  in  contemplation.  The  railway 
was  constructed  under  great  difficulties,  the  supplies  having  to  be  packed 
on  men's  backs  from  depot  to  depot,  and  special  arrangements  made  to 
surmount  steep  gradients.  Many  bridges,  amounting  to  5  per  cent,  of 
the  distance,  and  extensive  earthworks  had  to  be  erected  during  con- 
tinuous storms  of  rain,  which  threatened  the  new  culverts  with 
destruction  ;  one  of  the  bridges  is  800  feet  in  length,  and  several  of  the 
foundation-piles  had  to  be  driven  to  a  depth  of  60  feet  so  as  to  secure 
suitable  foundations  ;  450,000  cubic  yards  were  excavated  in  blasting 
ground,  and  the  deepest  cutting  had  a  vertical  height  of  70  feet. 
Extensive  landslips  interfered  with  the  work.  The  gauge  is  45  inches, 
the  locomotives  weigh  24  tons  each,  and  the  length  of  the  line  is  10 
miles  ;  yet,  with  all  these  difficulties  the  line  has  stood  a  severe  test — 
running  18  months  without  an  accident — although  some  of  the  grades 
are  1  in  3.  The  first  furnace  was  started  on  June  25th,  1896,  the  out- 
put has  been  increased  with  the  erection  of  other  furnaces,  five  of  which 
are  now  completed  and  a  sixth  being  finished  ;  and  five  furnaces  of  Ij 
times  the  present  capacity  of  present  plant  are  now  being  added.  The 
yield  from  June,  1896,  to  November,  1897,  was  :— Total  quanty  of  ore 
treated  102,175  tons,  and  the  average  assay  value  is  4*72  4  per  cent  of 
copper,  3'839  ounces  of  silver,  and  0*1853  ounces  of  gold  per  ton. 

The  following  figures  will  give  some  idea  of  the  skill  displayed  in 
the  smelting  operations  : — 


Copper 

Silver. 

Gold. 

Per  Cent. 

Ounces  per  Ton. 

Ounces  per  Ton. 

Average  assay 

...     4-699 

4-09 

0-1904 

Extraction  .. 

..     4-314 

3-95 

0-1912 
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Dnring  the  quarter  ending  September  30th,  1898,  about  47,750  tons 
of  ore,  containmg  1,300  tons  of  copper,  203,908  ounces  of  silver  and 
6,938  ounces  of  gold,  of  a  gross  value  of  £116,679,  was  produced.  The 
matte  treated  weighed  6,922  tons,  3,507  tons  of  blister  copper  being 
produced  (of  an  average  assay  of  98*83  per  cent,  of  copper),  90,378 
ounces  of  silver  and  4,393  ounces  of  gold. 


The  President  moved  a  vote  of  thanks  to  Mr.  John  J.  Sandeman 
for  his  vakuiljle  paper,  and  the  motion  was  cordially  adopted. 


The  late  Mr.  S.  J.  Becher's  paper  on  "The  Kalgoorlie  Gold-field' 
was  read  as  follows  : — 
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THE   KALGOORLIE  GOLD-FIELD. 


By  S.  J.  BECHER. 


lu  the  year  189o,  a  party  of  prospectors  were  pushing  theh'  way 
through  the  bush  eastward  from  Coolgardie  to  a  reported  rush  some  50 
miles  out.  Amongst  them  were  three  men  named  Hannan,  Shea 
and  Flannigan,  one  of  whom  whilst  the  party  were  camped  en  route 
in  the  vicinity  of  the  present  city  of  Kalgoorlie,  then  of  couree  uncleared 
bush,  went  in  search  of  water,  and  after  the  manner  of  all  prospectors 
kept  his  eyes  open  the  while  for  likely  alluvial  or  reefing  country.  He 
"  specked,"  i.e.,  picked  up  on  the  surface  several  pieces  of  ironstone  and 
quartz  carrying  gold,  around  a  low  ironstone  hill.  He  and  his  mates,  so 
tradition  says,  kept  the  find  dark,  and  made  some  excuse  to  remain 
behind  when  the  rest  of  the  party  proceeded  on  their  way.  Then  these 
three  searched  about  again,  and  finding  sufficient  evidence  of  the  value 
of  their  find  they  accordingly  pegged  out  their  ground,  and  Hannan 
returned  25  miles  to  Coolgardie  to  register  their  application  for  a  reward 
claim.  Little  did  they  dream  then  of  what  future  im])ortance  to  the 
world  at  large  was  their  find.  When  a  man  makes  a  good  find  of  gold, 
especially  if  there  is  promise  of  more  to  come,  his  thoughts  run  rampant, 
and  castles  in  the  air  are  quickly  built,  Ijut  never  could  their  wildest 
dreams  have  forecast  the  present  greatness,  and  perhaps  possible  future 
enhanced  greatness,  of  the  Kalgoorlie  field.  When  they  pegged  out 
their  ground  it  was  amidst  the  dense  silent  bush,  not  a  living  soul  abode 
within  many  miles  of  them  ;  and  now,  after  less  than  five  years,  a 
population  of  20,000  people  finds  employment  and  occupation  within  a 
radius  of  5  miles  of  the  same  spot. 

There,  luckily,  fell  just  then  some  heavy  rain,  and  fresh  water  lay 
temporarily  in  the  bed  of  what  is  now  called  Hannan's  Lake,  situated 
about  G  miles  south  of  the  spot  where  gold  was  found.  This  lake  is  one 
of  the  characteristic  "  dry  lakes  "  of  Western  Australia. 

The  intelligence  of  the  new  find  quickly  spread,  and  the  usual  scene 
of  feverish  excitement  ensued  upon  the  arrival  of  hundreds  of  men.  The 
previously  silent  bush  rang  with  the  sound  of  tree-felling,  and  the  voices 
of  men,  and  the  swish  of  gravel  and  sand  being  shaken  about  in  dishes 
and  shakers. 
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Alluvial  work  was 
primarily  confined  to  the 
dry  beds  of  small  water- 
courses and  gullies,  but 
it  was  soon  found  that 
the  auriferous  drift  ex- 
tended out  over  the  flats 
surrounding  the  low  hills. 
The  locus  of  the  first 
extensive  workings  was 
immediately  east  of  the 
present  city  of  Kalgoor- 
lie,  and  around  the  hills 
now  known  as  Hannan's 
Hill,  where  Hannan's 
Reward  claim  was  located, 
and  where  the  Hannan's 
Reward  Gold  Mining 
Company's  leases  now 
exist,  and  also  around 
Mount  Charlotte  and 
Maritana  Hill.  In  the 
early  days,  the  settlement 
was  known  as  Hannan's, 
and  is  even  now  locally 
so  called  by  many  men. 

Following  upon  the 
discovery  of  the  alluvial, 
which  proved  to  be  abun- 
dant and  often  very  rich, 
came  finds  of  gold  in 
outcropping  quartz-reefs, 
supposed  to  be  the  parent 
reefs  from  which  the 
alluvial  gold  had  been 
shed  in  times  past.  Gold 
was  also  found  in  iron- 
stone-beds capping  the 
low  hills.  Consequently, 
gold-mining  leases   were 
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applied  for,  and  a  considerable  amount  of  gronnd  was  taken  np.     In 
course  of  time  the  field  became  of  sufficient  importance  to  be  declared 
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a  gold-field,  nnder  the  title  of  tlie  "  East  Coolgardie  Gold-field,"  and  a 
warden  was  appointed. 
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However,  as  regards 
uiiniDg  proper,  the  Held 
did  not  go  ahead  as  fast 
as  had  been  expected. 
The  quartz-reefs  proved 
disappointing,  and  the 
following  year  things 
were  quiet  there.  Only 
the  quartz  -  reefs  were 
then,  according  to  old- 
fashioned  precedent, 
being  worked.  Xo  one 
dreamed  of  "  lode-forma- 
tions." 

Then  came  a  very 
deprtssed  state  of  affairs 
in  mining  matters  gener- 
ally for  Western  Austra- 
lia. The  boom  was  over, 
and  the  reaction  had  set 
in.  The  glories  of  the 
phenomenally  rich 
bunches  and  pockets  in 
the  reefs  at  Coolgardie 
had  waned,  and  the 
"wildcat*'  business  had 
nigh  brought  ruin  upon 
the  land. 

Just  when  matters 
were  in  a  very  critical 
state,  good  tidings  came 
from  Kalgoorlie.  At  the 
Great  Boulder  mine,  situ- 
ated about  3  miles  from 
the  settlement,  it  was 
found  that  gold  existed 
throughout  an  ore-body 
or  lode-formation  which 
had  no  outcrop.  Similar 
conditions     were     found 
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to  exist  on  neiijlibonring  properties,  such  as  the  Hannan's  Brown 
Hill,  Lake  Yiew  and  Ivanhoe.  Hope  was  revived,  and  a  new  era 
dawned.  The  batteries  began  to  yield  steady  returns,  and  old-time 
miners  had  their  eyes  opened,  and  their  established  notions  of  what  was 
ore  considerably  upset.  Mining  in  this  district  began  to  assume 
importance  as  the  output  of  gold  steadily  increased,  and  consequently  a 
revival  set  in  throughout  the  colony. 


Fn;.    4. —View   of   Poppet-legs,    etc.,    at   Main  Shaft   of    the   Lake 
View  Consols  Mine. 

Then,  as  time  went  on,  in  the  early  part  of  1896,  another  trumpet 
blast  went  forth  to  the  world  which  heralded  another  era  in  local  mining. 
Again  the  old  quartz-miners  had  their  notions  upset.  Certain  stone 
was  being  thrown  away  as  mullock  which  scientific  mining  engineers 
proved  to  be  valuable  ore,  an  ore  of  rare  occurrence,  hitherto  only  found 
in  payable  quantities  in  America  and  Transylvania.  This  was  ore 
carrying  telluride  of  gold.  Would  it  be  proved  to  exist  in  payable 
quantity  or  only  as  a  deterrent  associated  mineral  ?     The  mineral  was 
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first  noted  as  occurring,  associated  with  calcite,  at  the  Block  45  mine, 
situated  near  the  Hannan's  Brown  Hill  mine.  Subsequently  it  was 
found  in  other  mines  of  the  district,  either  disseminated  finely  through 
what  was  apparently  country-rock,  quite  apart  from  the  quartz-veins  or 
reefs,  or  occurring  in  small  splashes  and  veins  in  the  stone.  It  was 
generally  associated  with  iron-pyrites,  and  sometimes  free  gold  was 
visible. 

This  occurrence,  upon  the  ])roof  of  its  prevalence  in  some  of  the 
adjacent  mines,  at  once  gave  a  certain  distinction  to  the  locality,  and 
brought  to  it  from  afar,  with  special  interest,  many  of  the  recognized 
world's  authorities  on  scientific  mining.  Rapid  developments  ensued, 
and  the  gold  output  continued  to  increase. 


Fig.    5. — View    of    Main     Shafi'    akd   Tailings-dam    of   the    Great 
Boulder  Proprietary  Mine. 

The  township  of  Kalgoorlie  soon  became  a  city,  and  the  huts  of 
employees  on  the  mines,  together  with  those  trading  with  them,  multiplied 
so  enormously  on  the  leases,  that  a  new  township  was  laid  out  nearer  the 
mines,  now  known  as  Great  Boulder  City.  The  railway  was  carried  for- 
ward from  Coolgardie,  and  it  was  evident  that  the  good  times  had 
"  come  to  stay." 

The  marvellous  changes  that  have  taken  place  in  the  district  since 
then  can  hardly  be  realized  by  anyone  who  has  not  visited  it.  The 
accompanying  views,  however,  will  give  evidence  to  strangers  of  what 
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has  been  done  on  the  surface.  As  regards  the  actual  work  of  mining, 
when  the  fact  is  taken  into  consideration  that  hundreds  of  shafts  have 
been  sunk  to  depths  varying  from  50  to  500  feet,  and  that  many  miles 
of  driving  and  cross-cutting  have  been  done  therefrom,  and,  in  the  case 
of  the  bigger  mines,  immense  bodies  of  ground  have  been  stoped  out ; 
and  when  again  the  very  potent  fact  is  taken  into  consideration  that  the 
output  of  gold  from  this  district  alone  is  now  over  30,000  ounces  per 
month,  even  a  total  stranger  can  grasp  some  notion  of  the  great 
progress  that  has  been  made.  Probably  by  the  end  of  the  current  year 
(1898)  this  monthly  output  will  be  increased  to  50,000  ounces.  With- 
out taking  into  account  alluvial  gold,  of  which  very  many  thousands  of 
ounces  have  been  won,  but  of  which  no  register  can  be  made,  the  total 
output  from  KalgoorUe,  up  to  March,  1898,  has  been  519,780  ounces. 
In  the  year  1891,  the  total  output  of  gold  for  the  colony,  for  the  year, 
was  somewhat  less  than  the  present  output  from  Kalgoorlie  alone  for 
one  month. 

The  bulk  of  the  above-mentioned  gold  (of  this  district)  has  been 
won  from  free-milling  ores,  that  is  to  say,  ores  wherein  the  gold  is  not 
combined  with  refractory  minerals,  but  is  free  to  amalgamate  with 
quicksilver,  or  submit  to  the  solvent  properties  of  cyanide  solutions  as 
the  case  may  be. 

Refractory  ores  have  up  to  the  present  time  been  all  sent  away  to 
other  colonies  or  to  Great  Britain  or  Europe  for  treatment,  and  have  in 
many  cases  yielded  high  returns.  Now,  however,  both  at  the  Lake  View 
Consols  and  the  Australia  mines  (Associated  Gold-mines  of  Western 
Australian  Limited),  extensive  plants  are  in  course  of  erection  for  the 
treatment  of  these  ores,  which  prevail  at  the  deeper  levels  now  being 
attained.     Other  mines  will,  no  doubt,  follow  suit. 

At  the  Lake  View  Consols  mine  the  tailings  are  profital)ly  treated 
by  cyanidatiou.  The  plant  is  a  very  extensive  and  well  arranged 
one.  At  the  Tvanhoe  mine,  a  fine  cyanide  plant  has  been  erected  for  a 
similiir  purpose  (Fig.  3)  While,  at  the  Great  Botilder  mine,  the  treat- 
ment of  an  accumulation  of  some  50,000  tons  of  taiUngs  will  shortly 
commence  (Fig.  5). 

At  the  Australia  and  Hannan's  Brown  Hill  mines,  the  ore  is  crushed 
dry  in  ball-mills  and  cyanided,  and  both  plants  have  lately  been  much 
increased  in  capacity. 

These  measures,  it  may  readily  be  perceived,  will  probably  add 
considerably  to  the  present  output.  Of  the  mines,  the  Great  I'oulder  is 
probably  best  known  to  the  general  public.     It  at  present  holds  pride  of 
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place  as  regards  output,  but  a  keen  spirit  of  emulation  is  abroad,  and  it 
is  possible  that  within  another  year  there  may  be  a  neck-and-neck 
contest  between  three  or  four  of  the  fii'st-class  mines  for  leading  figures 
in  actual  monthly  output :  though  with  its  present  good  lead  it  will  be 
some  time  before  the  Great  Boulder  mine  can  be  surpassed  in  total 
output. 

Up  to  March,  1<S98,  the  following  figures  are  representative  of  the 
total  outputs  of  the  respective  mines  : — 

Gold  in 
Mines.  Ounces. 

1.  Great  Boulder  Proprietary    ...         ...         ...  185,452 


2.  Lake  View  Consols 

3.  Ivanhoe  ... 

4.  Australia 

5.  Hannan's  Brown  Hill  ... 

6.  Great  Boulder  Perseverance 


117,786 
51,743 
40,953 
36,254 
30,519 


AVhile  Coolgardie  can  I'ightly  claim  to  have  afforded  the  motive 
power  requisite  for  the  colony's  leap  from  obscurity,  as  regards  gold- 
mining,  to  a  sphere  of  prosperity,  it  is  to  Kalgoorlie  that  the  credit  is 
due  of  bringing  her  into  the  first  rank  with  the  gold-producers  of 
Australasia.  Indeed,  Queensland  will  have  to  look  to  her  laurels  before 
long,  * 

Technically  speaking,  Kalgoorlie  is  at  present  the  only  district  of  its 
kind  in  Western  Australia,  but  already  it  is  rumoured  that  rivals  are  to 
appear.  Kalgoorlie  itself  is  as  yet  in  its  infancy.  "Who  can  say  what  the 
future  may  bring  forth  ? 


*  This  prophesy  has  already  come  true ;  in  1898,  the  gold-production  of 
Western  Australia  was  45  per  cent,  greater  than  that  of  Queenssland,  in  spite  of 
the  fact  that  the  production  of  the  latter  colony  in  that  year  showed  a  substantial 
increase  over  the  preceding  year. 
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NORTH  OF   ENGLAND   INSTITUTE  OF  MINING  AND 
MECHANICAL  ENGINEERS. 


GENERAL  MEETING, 

Held  ix  the  Wo(1d  ^Memorial  Hall,  Newcastle-upon-Tyne, 

October  ]4th,  1899. 


Mr.  WILLIAM  ARMSTRONG,  President,  in  the  Chair. 


The  Secretary  read  the  minutes  of  the  last  General  Meeting,  and 
reported  the  proceedings  of  the  Council  at  their  meetings  on  September 
30th  and  that  day,  and  of  the  Council  of  The  Institution  of  Mining 
Engineers. 

The  following  gentlemen  were  elected,  having  been  previously 
nominated  : — 

Honorary  Member 

Mr.  George  Clementson  Green  well,  ilining  Engineer,  Dufl&eld,  Derby. 
Members — 

Mr.  Irving  Argus  Bachman,  Consulting  Chemical  and  Mechanical  Engineer, 
Nazareth,  Northampton  County,  Pennsylvania,  United  States  of 
America. 

Mr.  John  Baker,  Mining  Engineer,  165,  Fenchurch  Street,  London,  E.G. 

Mr.  William  John  Bawden,  (Jeneral  Manager,  New  Bultfontein  Diamond 
Mining  Company,  Limited,  Beaconsfield,  South  Africa. 

Mr.  Thomas  Wilson  Bracken,  Civil  and  Mining  Engineer,  Lagos  Govern- 
ment Railway,  Lagos,  West  Africa. 

Mr.  Arthur  Thornton  Champneys,  Mining  Engineer  and  Mine-manager, 
Natal  Spruit  Gold-Extraction  Works,  Transvaal,  South  Africa. 

Mr.  Charles  Herbert  Crone,  Mining  Engineer,  Killingworth,  near  New- 
castle-upon-Tyne. 

Mr.  Julian  R.  Delmas,  Mechanical  Engineer,  Success  Villa,  Assensole, 
Bengal,  India. 

Mr.  James  Douglas,  Metallurgist,  fi9,  John  Street,  New  York  City,  United 
States  of  America. 

Mr.  Martin  Fishback,  Mine  Superintendent,  Ward,  Boulder  County, 
Colorado,  United  States  of  America. 

Mr.  Robert  H.vnn,  Jua.,  Mine-manager,  San  Domingos  Mines,  Mertola, 
Portugal. 

Mr.  James  Spencer  Hollings,  Coke-oven  and  Bye-Product  Recovery 
Engineer,  Br\  mbo,  near  Wrexham. 


TEANSACTIONS. 

Mr.    Frkdkkick    J.     Horswill.    Alining    Superintendent,    1218,    Chestnut 

Street,  Oakland,  California,  United  States  of  America. 
Mr.   John  Wih.iam  Hutchinson,  Mining  Engineer,  Willow  Lodge,  Abram, 

near  Wigan,  Lancashire. 
Mr.   (rEOROE  Macfarlane,  Mining  Engineer,  Charters  Towers,  Queensland, 

Aust  ralia. 
Dr.   GrsTAAF  Adolk  Freuerik  Molengraakf,    State   Geologist,  P.O.   Box 

436,  Pretoria,  Transvaal,  South  Africa. 
Mr.  J.  L.  C.  Rae,  Manager,  Sydney  Harbour  Collieries,  Balmain,   Sydney, 

New  South  \^'ales. 
Mr.   Aubrey  Percy  Wilson-Moore,  Civil  and  Mining  Engineer,  c/o  Sheba 

Queen  Cold  and  Exploration  Company,  Limited,  33,  Old  Broad  Street, 

London,  E.C. 
Mr.  Wilson  Worsdell,  Chief  Mechanical  Engineer,  North  Eastern  Railway 

Company,  Gateshead-upon-Tyne. 

Associate  Members — 
Mr.  PniLirrE  Davidson  Ahier, Idaho  Mines,  Three  Forks,  British  Columbia. 
Mr.  William  Scott  Barrett,  Abbotsgate,  Huyton,  Liverpool. 
Mr.   Denis  Ripley   Broadbent,   26,  Great  Russell  Street,  Russell  Square, 

London,  W.C.  ;  and  Royal  Societies'  Club,  London,  S.W. 
Mr.  Loris  Davidson,  Engineer,  8,  Burdon  Terrace,  Newcastle-upon-Tyne. 

Students— 
Mr.  James  Malcolm  MacGregor,  Mining  Student,  Cowpen  Colliery  Office, 

Blyth. 
Mr.  John   Etherington  Milburne,  Mining  Student,   CoUingwood  Street, 

Coundon,  Bishop  Auckland. 


The  followiiii;-  |)a])cr  l)y  Mr.  R.  Hiuie  on  ;ui  "Automatic  Sprayer  for 
Preventiii""  Accumiuhitions  of  Dust  iu  Mines  "  was  read  as  follows  : — 
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AUTOMATIC   SPRAYEE   FOR   PREVENTING    ACCUMULA- 
TIONS  OF   DUST    IN   MIXES. 


By  R.  HARLE. 


The  appalling  results  of  explosions  and  the  dangers  of  dust  in  mines 
and  other  places  being  recognized,  and  extended  knowledge  having  been 
gained  by  recent  experiments  and  observations,  the  highest  importance 
must  be  attached  to  the  prevention  of  accumulation  and  methods  devised 
for  decreasing  the  danger.  It  is  admitted  and  proved  beyond  doubt, 
where  explosions  have  taken  place,  that  the  explosive  force  and  flame 
is  most  destructive  in  the  main  galleries,  where  the  newly-made  dust  is 
being  continually  carried :  and  the  destructive  violence  of  the  explosion 
over  long  lengths  of  haulage-roads  delays  the  progress  of  restoring  the 
ventilation  and  of  introducing  fresh  air  into  the  mine. 

The  results  of  experiments  carried  out  by  difl'erent  committees 
also  prove  that  serious  explosions  may  take  place  from  dust  alone ;  and 
that  we  must  treat  the  mines  where  this  element  is  found  or  carried 
with  as  much  care  as  a  powder-magazine.  Apparently  reliable  tests  show 
that  dust-explosions  and  flame  have  travelled  over  intervening  places  of 
the  roadway,  which  have  been  watered  and  damped.  This  proves  how 
sensitive  coal-dust  is  to  explosion,  and  how  desirable  it  is  that  we  should 
provide  for  its  removal  before  it  is  carried  along  the  roadways. 

Many  attempts  have  been  made  to  water  or  damp  the  dust  lying  on 
the  roads,  walls  and  timbers  in  coal-mines,  but,  on  the  principle  that 
"prevention  is  better  than  cure,"  it  is  now  proposed  to  avoid  the 
necessity  of  watering  the  roadways  or  other  parts  of  the  galleries,  by 
preventing  any  accumulations.  (This,  of  course,  will  not  avoid  the 
damping  of  dry  places  when  a  shot  is  to  be  fired,  as  required  by  the 
Coal-mines  Regulation  Act.) 

An  arrangement  has  been  perfected  for  slightly  wetting  the  coal  and 
dust  on  the  top  of  each  tub  as  it  leaves  the  siding  in  mines,  where  the 
engine-setts  run  at  a  high  speed  against  strong  currents  of  air,  and  the 
same  arrangement  can  be  applied  to  dust  at  the  screens  and  coal-stores, 
and  to  pulverized  coal  to  l»e  sent  to  coke-ovens,  where  explosions  and 
accidents  have  taken  place  from  dusty  coal. 
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The  uewly-devised  method  for  obviating  and  dimiuishinu'  risk  to  life 
from  coal-dust  explosions  consists  of  a  system  of  watering  so  as  to 
moisten  dusty  coal  on  the  tops  of  tubs,  after  being  filled,  and  before  it 
is  carried  to  the  main  haulage-roads  in  mines,  and  there  exposed  to  the 
air-currents  in  its  transit  to  the  shaft.  The  arrangement  consists  of  a 
means  of  automatically  damping  each  tub,  so  as  to  prevent  the  escape  of 
dust,  and  to  moisten  it  to  the  same  extent  as  in  damp  mines.  In  such 
mines  no  trace  of  dust  can  be  found,  and  few  explosions  (if  any),  either 
from  shot-firing  or  dust,  have  taken  ]»lace,  and  this  safety,  under  such 
conditions,  confirms  the  theory  that  damping  is  effectual  in  mitigating 
the  effect  of  coal-dust  explosions. 

The  apparatus  (Figs.  1,  2,  3,  4  and  5,  Plate  IV.)  should  be  fixed  at 
the  outer-end  of  the  siding,  or  at  any  point  in-bye,  preferably  at  the 
fiats  or  landings,  where  the  tubs  are  arranged  to  start  on  their  journey 
to  the  shaft.  It  consists  of  a  perforated  pipe  or  sprayer,  F^  a  valve,  E, 
and  an  automatic  arrangement,  A,  which  opens  the  valve,  E,  and  allows 
water  to  spray  over  the  area  of  each  tub,  /,  as  they  pass  under  the 
apparatus.  A  small  tank  or  cistern,  G^  which  can  be  filled,  from  any 
natural  supply  of  water,  or  liy  means  of  a  hand-pump,  is  placed  at  such 
a  level  that  the  water  will  run  from  it  through  the  pipe,  //,  to  the 
sprayer,  F.  The  valve,  E,  of  the  sprayer  is  actuated  preferably  by  tlie 
tub-wheels  passing  over  a  projection,  .4,  in  the  rails  of  the  haulage-road, 
or  by  some  other  part  of  the  tub.  The  tappet.  A,  is  placed  between  the 
ends  of  two  adjacent  rails,  a  and  &  (Figs.  3,  4  and  5,  Plate  IV.),  and 
between  the  fish-plates,  c.  When  the  tub  passes  this  point,  the  wheel 
presses  down  the  tappet,  A,  thereby  w^orking  the  levers,  5,  G  and  T)^ 
wliich  open  the  valve,  E,  thus  allowing  the  water  to  pass  through  the 
sprayer,  F^  and  upon  the  coal  in  the  tub,  /. 

It  has  been  found  in  practice  that  about  1  pint  of  water,  sprayed 
over  each  tub,  is  sufficient  to  moisten  the  dust,  and  prevent  it  from 
rising,  so  that  a  tank  containing  about  70  gallons  is  sufficient  to  moisten 
an  output  of  about  150  tons  per  day. 

The  method  of  applying  the  automatic  water-sprayer  in  a  coal- 
drawing  shaft  is  shown  in  Figs.  6  and  7  (Plate  IV.).  The  tappet,  .4, 
is  pressed  iinward,  when  the  cage  is  passing  the  apparatus  (Fig.  6),  and 
actuates  the  levers,  5,  which  close  the  valve,  E,  and  so  prevent  water 
from  falling  upon  the  cage.  When  the  cage  passes  above  the  tappet,  A, 
it  falls  back  to  its  former  position,  opens  the  valve,  E,  and  allows  the 
water  to  pass  to  the  sprayer,  F.     H,  is  the  water-supply  pipe. 
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The  automatic  water-sprayer  may  be  applied  to  a  tiib-tippler,  K^  as 
shown  in  Figs.  8  and  9  (Plate  IV.).  The  pin,  A,  is  fixed  to  the  axle,  J, 
of  the  tnb-tippler,  A',  it  actuates  the  levers,  B  and  L\  when  the  tub- 
tippler  is  worked,  and  simultaneously  opens  or  shuts  the  valve,  E,  which 
regulates  the  supply  of  water  to  the  perforated  pipe  or  sprayer,  F.  The 
sprayer,  F^  distributes  the  water  over  the  coal  as  it  falls  from  the  tub 
upon  the  screen.     H,  is  the  water-supply  pi])e. 

The  automatic  water-sprayer  is  in  use  at  the  Browney  and  South 
Brancepeth  collieries,  in  the  mines  ;  it  is  also  applied  in  the  shafts  to 
catch  the  dust  there,  and  to  prevent  it  from  passing  in -bye  :  and  at  the 
screens  aboveground. 

The  advantages  of  the  automatic  water-sprayer  are  as  follows  : — 
(1)  The  arrangement  can  be  made  and  fitted  at  a  small  cost  and  is 
worked  automatically.  (2)  The  dust  is  secured  before  it  meets  the  air- 
currents,  and  is  carried  direct  out  of  the  mine.  (3)  It  obviates  the 
danger  of  dust  accumulating  on  the  timbers  and  walls  of  the  galleries, 
and  prevents  it  from  being  carried  in-bye  to  the  working-places.  (4)  In 
case  of  a  gas-explosion,  it  will  prevent  damage  to  the  roadways  and  air- 
crossings,  and  will  greatly  minimize  the  loss  of  life,  and  enable  fresh  air 
to  be  speedily  introduced  into  the  mine.  (5)  Its  use  causes  no  damage 
to  wire-ropes  or  to  the  roadways.  (6)  It  prevents  another  source  of 
dust,  which  is  found  at  the  screens  aboveground,  and  prevents  dust 
from  passing  down  the  pit.  (7)  The  coals  are  again  moistened  at  the 
tub-tippler  or  screens  when  tipped,  and  this  additional  moistening 
prevents  dust-accumulations  on  the  surface.  (8)  There  is  no  waste  of 
coal  or  dust  in  screening  and  conveying  coal  to  the  coke-ovens,  and 
explosions  in  the  ovens  and  other  places  aboveground  are  obviated. 


Refekexces  to  Plate  IV. 
A,   tappet;  B,  C  and  i>,  levers;  E,   valve  regulating  the   water-supply;  F, 
perforated  pipe  or  water-sprayer  ;  6',  water-tank  ;  H,  water-supply  pipe  ;  /,  coal- 
tub  ;  ./,  axle ;  and  fi",  tub-tippler. 


Mr.  A.  L.  Steavexsox  (Durham)  said  that  the  paper  treated  the 
coal-dust  question  from  an  entirely  new  point  of  view,  for  by  means  of 
the  automatic  sprayer  coal-dust  was  prevented  from  accumulating, 
which  was  very  different  from  moistening  it  before  firing  a  shot.  It 
was  evidently  much  better  to  damp  the  coal  before  it  left  the  flat  or 
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sidiuiT  than  to  try  afterwards  and  jirevent  an  explosion  -while  shot- 
tirinir.  Prof.  Dixon,  in  one  of  the  uarly  volumes  of  the  Transactions  of 
The  Institution  of  Mininii'  En>iinL'ers,  stated  that  if  coal-dust  was  only 
damped  to  a  slight  extent  they  were  doing  more  harm  than  good, 
because  the  explosive  properties  of  dust  were  enhanced  by  adding 
steam  to  it,  as  combustion  or  explosion  could  only  occur  between  certain 
limits  of  moisture.     Prof.  Dixon  stated  that  : — 

In  the  detonation  of  carbonic  oxide  in  a  long  tube,  the  oxidation  is  effected 
indirectly  by  means  of  steam,  as  it  is  in  the  ordinary  combustion  of  the  gas. 
Measurements  of  the  rate  of  explosion  of  carbonic  oxide  and  oxygen  in  a  long 
lube  showed  that  the  rate  increased  as  steam  was  added  to  the  dry  mixture,  imtil 
a  maximiini  velocity  was  attained,  when  between  5  and  6  per  cent,  of  steam  was 
present.* 

He  suggested  that  the  present  Mines  Regulations  Act  was  really 
injurious,  and  it  should  be  enacted  that  there  should  be  wet  lengths  of 
wagonway,  so  that  the  air  in  passing  would  acquire  moisture  and 
prevent  an  explosion  from  spreading.  As  a  rule,  when  an  explosion 
reached  a  length  of  wagonway,  which  was  thoroughly  wet,  it  stopped 
there,  and  he  thought  that  the  only  advantage  to  be  derived  from  using 
water  down  the  pit  was  to  prevent  the  spreading  of  an  explosion.  In 
order  to  prevent  coal-dust  from  igniting  it  was  necessary  to  introduce 
about  50  per  cent,  of  water,  as  dust  must  be  so  wet  that  water  would 
drop  out  of  it  when  the  hand  squeezed  it. 

Mr.  P.  KiRKUP  (Birtley)  said  that  he  fully  appreciated  the  idea 
of  damping  the  dust,  but  it  seemed  to  him  that  this  paper  rather 
advocated  a  system  of  wetting  coals,  which  from  an  economical  stand- 
point might  be  considered  as  disadvantageous  to  the  owner.  The 
workmen  were  paid  for  coals  as  they  came  out  of  the  mine,  and  if 
water  was  added  so  as  to  appreciably  increase  the  weighing  of  the  coal  on 
the  pit-bank,  there  would  be  a  loss  of  weight  due  to  evaporation  of  the 
water,  Ijetween  the  pit-bank  weight  and  the  sales  weight. 

Mr.  A.  L.  Steavenson  replied  that  the  application  of  1  pint  of 
water  to  \  ton  of  coals  would  not  do  a  great  deal  of  harm,  and  if  by  so 
doing  they  could  prevent  an  explosion,  the  payment  for  the  little 
moisture  which  was  added  to  the  coal  would  be  well  recouped. 

Mr.  C.  C.  Leach  (Seghill)  suggested  that  by  jratting  the  water  on 
the  tub  they  would  save  a  weight  of  dust  from  being  blown  from  the  tub 
equivalent  to  the  water  used. 

*  Trans,  Inst.  M.E.,  1892,  vol.  iii.,  page  317. 
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I'rof .  H.  Louis  ( Xewcastle-upon-Tyne)  said  that  this  system  appeared 
to  involve  a  possible  source  of  danger.  If  he  had  followed  the  paper 
rightly,  the  writer  suggested  that  the  coal  should  T)e  damped  before  it  left 
the  station  or  flat,  and  that,  therefore,  the  coal  would  commence  travelling 
in  a  damp  state  along  the  main  travelling-way,  meeting  as  a  general 
rule  the  intake  air :  and  the  result  would  be,  of  course,  that  the  water 
which  had  been  sprinkled  on  the  coal  would  gi-adually  vaporise  and 
probably  by  the  time  the  truck  got  near  to  the  shaft  would  have  entirely 
evaporated,  so  that  by  this  method  they  would  be  transferi'ing  the  danger 
arising  from  dust  from  a  point  near  the  working-face,  where  safety-lamps 
were  used,  to  another  point  near  the  shaft,  where  very  probably  naked 
lights  might  be  in  use.  Unless  the  method  was  combined  with  some 
form  of  spruikHng  on  the  main  travelling  way,  he  was  inclined  to  think 
that  it  might  lie  accompanied  by  tlie  danger  which  he  had  indicated. 


''iWi'i'i'  '  will   'i  1]  ''^'^^^i^'^'^i^^^^  rf 

iiiiiisiii*^ 


Fig.  10— Side  View.     Scale,  4i  Feet  to  1  Inch. 

Mr.  T.  L.  Elwen  (Brandon)  asked  whether  the  tubs  were  sprayed 
once  only  during  the  journey,  and  also  what  was  the  condition  of  the 
coal  on  the  top  of  the  tubs  when  they  reached  the  shaft.  In  his 
experience,  where  the  sets  had  to  run  a  considerable  distance  the  jolting 
of  the  tubs  disturbed  the  wetted  cake  on  the  top  so  much  as  to  render 
it  useless. 

At  Brandon  colliery,  a  water-spraying  arrangement  was  in  use,  and 
was  not  very  dissimilar  to  Mr.  Harle's.  A  water-sprayer,  consisting  of 
a  perforated  iron  pipe  1^  inches  in  diameter  and  12  feet  long,  fed  by 
water  brought  from  the  surface,  with  a  head  of  500  feet,  is  placed  at 
the  offtakes  on  the  engine-plane,  and  is  brought  into  action  by  the  off- 
take-boy turning  a  tap  and  allowing  the  water  to  run  on  to  the  tubs  during 
the  time  that  the  set  passes  by  (Figs.  10  and  11).  Two  of  such  sprayers 
are  in  use  for  journeys  from  1  mile  to  2\  miles  in  length.     Each  sprayer 


58 


DISCUSSION — AUTOMATIC  SPRAYEE. 


uses  h  pint  of  water  per  tub.  The  velocity  of  tlie  set  of  tubs  is  about 
13  miles  per  hour.  The  use  of  this  arrangement  has  reduced  the 
quantity  of  dust  deposited  in  the  eugine-[)lanes,  but  still  there  is 
sufficient  left  to  necessitate  the  practice  of  regular  watering  fi-nm  the 
supply-pipes  continued  along  the  engine-planes. 

Coal-dust  is  also  raised  by  the  running  of  the  empty  tulis  when  going 
inbye.  The  crevices  within  the  tub  are  filled  with  dust,  which  is  jostled 
out  and  raised  into  the  air-current  on  going  inbye.  He  should  be  glad 
if  Mr.  Harle  would  say  whether  any  provision  was  made  for  laying  this 
dust. 

The  arrangement  of  sprayers  at  the  surface  was  commendable,  and 
no  doubt  could  prevent  a  large  quantity  of  dust  from  going  doAvn 
the  pit,  to  say  nothing  of  the  "  muckle  saved  muckle  gained,"  and  a 
care  for  the  farmers'  crops. 


Fid.   11.— End  View.     Scale,  4i  Feet  to  1  Inch. 

Mr.  R.  Harle,  replying  to  the  discussion,  wrote  that  he  found  after 
using  the  automatic  water-sprayer  at  the  collieries  under  his  charge  for 
about  two  years  that  the  method  was  effectual  in  preventing  dust- 
accumulations  and  avoided  the  continual  watering  and  cleaning  of  the 
roadways,  which  previously  was  a  heavy  item  of  cost.  He  might  add 
that,  for  some  time  after  using  the  water-sprayers,  he  found  in  places 
where  the  thill  had  been  softened  and  damaged  by  the  continual  watering 
of  the  roadways  (the  system  previously  in  use),  that  the  stone  dust  from 
the  thill  continued  to  rise  for  some  time  until  the  floor  regained  its 
previous  hard  state.  This  may  be  the  source  of  dust  referred  to  by  Mr. 
Elwen — dust  raised  by  the  travelling  inbye  of  empty  tubs.  He  always 
found  that  this  happened  where  the  system  of  "  watering  "  the  roads 
was  employed,  and  that  as  soon  as  they  dried  the  coal-dust  which  had 
been  deposited  together  with  the  thill  dust  was  raised  and  mixed  with 
the  air-current  on  the  passage  of  a  set  of  tubs. 
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He  found  that  there  was  no  need  for  further  damping  of  the  tubs 
after  starting  on  tlie  outward  journey,  but  if,  owing  to  the  varying  con- 
ditions, more  watering  was  needed,  another  sprayer  could  be  fixed  at  any 
point  between  the  landing  and  the  shaft,  or  the  valves  of  the  inbye 
sprayer  could  be  so  regulated  as  to  give  the  necessary  additional  quantity 
of  water  required  to  secure  the  dust. 

Above  ground,  where  he  had  for  some  jears  specially  prepared  the 
coal  to  a  fine  mealy  substance  used  for  coking  purposes,  he  found  the 
damping  at  the  screens  secured  the  dust  and  reduced  the  waste  and 
danger  to  a  minimum  ;  and  further,  the  damping  during  conveyance  of 
this  small  coal  to  the  storage-hoppers  and  coke-ovens  prevented  it  Ijeing 
blown  away  in  windy  weather  and  also  obviated  the  risk  of  an  explosion 
when  discharging  the  dust  into  hot  coke-ovens. 

The  President  (Mr.  W.  Armstrong)  moved  a  vote  of  thanks  to  Mr. 
Harle  for  his  paper,  and  the  resolution  was  cordially  approved. 


DISCUSSION  ON  MR.  H.  0.  STOKES'  PAPER  ON  "THE 
ORE-DEPOSITS  OF  THE  SILVER  SPUR  MINE  AND 
NEIGHBOURHOOD,    TEXAS,    QUEENSLAND."* 

Mr.  H.  G.  Stokes  wrote  pointing  out  a  few  errata  in  his  paper  : — 
Page  275,  line  8,  should  read,  "  merge  laterally  into  beds";  page  27(5, 
line  19,  "up  to  14  per  cent,  of  copper";  page  277,  line  25,  "isolated 
patches  of  ore  being  met  with";  page  279,  line  29,  "the  joints  and 
bedding-planes  in  the  shale  are  lined  with  steatite";  page  280,  line  32, 
"the  two  ore-bodies  touched  each  other";  page  281,  lines  22  and  24, 
"carbonate  of  zinc";  and  page  283,  line  35,  "exclusively  to  the 
argillaceous  shales."  He  had  also  detected  the  following  errors  in 
Plate  VI.  : — In  the  plan  (Fig.  2)  showing  the  outcrops  of  ore-bodies, 
the  "  No.  3  shaft "  on  the  eastern  side  of  the  ore-bodies  near  the  slide, 
in  right  hand  top  corner,  should  be  "  No.  5  shaft "  ;  and  it  was  unfor- 
tunate that  the  draughtsman  had  made  the  ore-bodies  strike  at  almost 
right  angles  to  the  correct  course,  namely  north-west  instead  of  to  the 
east  of  north.  In  Fig.  5,  "  No.  S  ore-body  "  had  been  marked  "  No.  2 
ore-body"  ;  and  "No.  2  ore-body"  marked  "No.  3  ore-l)ody." 


A  paper  by  Mr.  Sidney  Bates  on  "  The  Driving  of  a  Stone-drift  at 
the  West  Wylam  Collieries  "  was  read  as  follows  : — 

*  Tram.  Inst.  M.E.,  vol.  xvii.,  page  274. 
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THE  DRIVING  OF  A  STONE-DRIFT  AT  THE 
WEST  WYLAM  COLLIERIES. 


By  SIDXEY   bates. 

The  Mickley  Coal  Company's  collieries  are  situated  about  |  mile  west 
of  Wylam  Station  on  the  Newcastle  and  Carlisle  Railway.  The  royalty 
owned  and  under  lease  extends  from  the  rivei-  Tyne  on  the  north  to  the 
90  fathoms  dyke  on  the  south. 

The  seams  of  coal  worked  are  those  of  the  Middle  Coal-measures 
(Geological  Survey)  from  the  Towneley  to  the  Brockwell  seam.  This  is 
the  lowest  workable  seam  in  this  district,  with  the  exception  of  a  seam 
of  cannel  (of  very  limited  area)  found  in  the  Gannister  and  IMillstone 
Grit  series,  about  8-1-  feet  below  the  Brockwell  seam. 

The  strata  along  a  north-and-south  line,  from  the  river  Tyne  to  the 
90  fathoms  dyke,  form  a  syncline  and  anticline,  as  shown  (Fig.  1,  Plate 
Y.).  It  will  be  seen  that  there  is  a  denuded  area,  with  a  breadth  of 
about  ^  mile  and  a  length  of  2  miles. 

The  seams  on  the  syncline  are  worked  by  means  of  the  shaft.  A,  and 
on  the  anticline  by  means  of  a  level  drift  (from  the  surface),  A  5,  which 
is  about  1|  miles  in  length.  From  the  point,  B,  the  strata  rise  south- 
ward about  5  degrees.  The  whole  of  the  output  is  run  to  the  point,  5, 
by  means  of  self-acting  inclines.  The  seams  can  be  wrought  only  to  the 
point,  C,  which  is  at  present  the  lowest  level,  the  strata  dipping  south 
10  degrees  from  this  point. 

It  has  been  found  expedient  to  continue  the  level  drift  from  the 
point  marked,  B,  (Fig.  1),  so  as  to  cut  the  coal-seams  at,  or  as  near  as 
possible  to,  their  lowest  point,  D,  which  was  reached  after  drifting 
abDut  0,145  feet.  As  well  as  winning  out  a  considerable  area  of  coal 
for  the  "West  Wylam  colliery,  this  drift  will  drain  the  seams  to  the 
extreme  western  boundary  of  the  royalties  worked  by  the  Mickley 
collieries. 

Before  commencing  an  undertaking  of  such  magnitude,  the  various 
methods  of  drifting  were  considered,  namely,  hand-di'illing  and  com- 
pressed-air and  electric  drilling-machines.  Each  of  those  methods 
possess  certain  advantages  and  disadvantages,  which  received  due  con- 
sideration. Hand-drilling  would  have  been  most  economical  as  far  as 
cost  of  plant  was  concerned,  but,  expedition  being  required  in  this  case, 
its  use  was  out  of  the  question. 
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The  mine  being'  non-gaseous,  electricity  received  prior  consideration, 
and  the  rapidity  with  which  the  cables  could  be  carried  forward  was  of 
some  moment.  Dynamos,  motors,  and  drilling-machines  were  tried  at 
the  works  of  electrical  engineers  ;  but  the  type  of  rotary  drill  exhibited 
was  not  considered  of  sufficient  power  to  penetrate  some  of  the  strata 
through  which  the  drift  must  pass.  The  hardness  might  possibly 
necessitate  the  employment  of  diamond  drills. 

However,  compressed  air  was  employed  to  drive  the  drills  ;  and 
although  often  abused  for  low  efficiency,  it  had  given  entire  satisfaction 
during  the  work. 

The  installation  consisted  of  an  air-compressor,  an  air-receiver,  and  3 
Cranston  rock-drills.  The  Cranston  air-compressor  had  a  steam -cylinder 
IG  inches  in  diameter  and  20  inches  stroke,  with  an  air-cylinder  18 
inches  in  diameter  and  2()  inches  stroke  :  the  cylinders  were  placed 
parallel  to  each  other  with  a  heavy  fly-wheel  between  them.  The  air- 
cylinder  was  surrounded  by  a  water-jacket,  and  there  were  four  inlet-  and 
two  outlet-valves  at  each  end  of  the  cylinder  (Figs.  2  and  ;;,  Plate  V.). 
Steam  was  used  at  a  pressure  of  80  pounds  per  square  inch,  and  com- 
pressed the  air  to  a  pressure  of  60  pounds  per  square  inch.  The 
air-receiver  was  4  feet  in  diameter  and  13  feet  long.  The  air-compressor 
was  fixed  at  the  surface,  about  If  miles  from  where  the  drift,  B  D,  was 
commenced,  the  air  being  conveyed  in  4J  inches  metal  pipes,  fitted  with 
the  Forster  joint  and  an  indiarubber  ring,  a,  (Fig.  4,  Plate  Y.),  with 
the  exception  of  about  240  feet  near  to  the  face,  where  steel  pipes,  about 
30  feet  in  length,  were  used  (Fig.  5,  Plate  V.).  The  metal  pipes  were 
quickly  laid,  and  there  had  not  been  more  than  one  or  two  instances  of  a 
blown  joint  during  the  five  years  of  workmg.  The  steel  pipes,  in  18  feet 
lengths,  were  opened  at  the  ends  so  as  to  form  small  flanges,  after  2 
loose  rings  had  been  slipped  on  the  tube.  The  loose  rings  were  made 
Vv-ith  a  sjiigot  and  faucet,  which  was  drawn  together  by  4  bolts,  and 
thus  made  to  enclose  an  india-rubber  ring,  a,  between  the  two  pipes 
(Fig.  5,  Plate  Y.). 

The  drift  was  commenced  in  September,  1894,  and  let  to  the  ordinary 
stonemen  of  the  colliery,  6  workmen  and  3  assistants  being  employed  per 
diem,  2  men  and  1  assistant  working  in  each  8  hours  shift. 

The  drift  was  driven  11  feet  wide  and  6^  feet  high,  with  an  area  of 
71|  square  feet.  The  workmen  contracted  to  drive  the  drift,  find  all 
explosives,  and  set  all  timber  where  necessary.  The  drift  was  driven  for 
some  distance  before  the  machinery  was  fixed  and  in  working  order  ;  and 
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the  workmen  did  remarkably  well  witli  ordinary  ratchet-drills,  driving 
about  00  feet  per  fortnight. 

The  strata  passed  through  did  not  vary  much  from  those  above 
the  Brockwell  seam.  A  section  of  the  strata  passed  through  in  this 
drift  is  given  in  Appendix  I.  "With  the  exception  of  very  hard  compact 
siliceous  sandstone  (in  texture  approaching  quartzite)  and  a  small  vein, 
about  6  inches  wide,  filled  with  galena  and  kaolinite,  no  mineral  of  note 
was  observed.  The  galena  was  found  to  contain  a  low  percentage  of 
silver. 

The  Cranston  percussive  drilling-machine  is  shown  in  Figs.  6,  7  and 
8  (Plate  Y.).  The  air-cylinder  was  4  inches  in  diameter  by  5|  inches 
stroke.  With  an  average  air-pressure  of  55  pounds  per  square  inch, 
the  rock-drill  made  400  strokes  per  minute.  Fig.  6  exhibits  a  longi- 
tudinal section,  and  Fig.  7  a  cross-section  through  the  collar-head  of  the 
piston-rod.  The  rock-drill  is  speedily  raised  and  lowered  on  a  pedestal 
(Fig.  8,  Plate  Y.)  by  means  of  a  ratchet-lever  to  any  desired  position. 
The  drill  is  fitted  with  a  universal  movement,  r/,  and  the  machine  can  be 
fixed  to  drill  at  any  angle.  The  drilling-machines  are  strong,  and  as 
they  had  no  complicated  parts,  the  workmen  soon  become  accustomed  to 
their  use  :  the  cost  of  repaii-s  was  very  low. 

The  drills  commenced  with  a  diameter  of  3|  inches,  and  diminished 
by  three  or  four  successive  sizes  to  2^  inches  in  diameter.  The  full  depth 
of  holes  bored  in  blue  metal  (shale)  was  in  some  cases  8  feet.  The 
depth  of  holes  bored  in  harder  stone  was  less,  and  varied  considerably 
according  to  the  position  of  joints,  etc.  Only  two  forms  of  drill-bits 
were  used,  namely,  the  cross-bit  and  X-bit,  but  after  a  time  the 
workmen  found  that  the  former  pattern  gave  the  best  results. 

The  Cranston  machine  was  hand-fed,  and  where  the  strata  changed 
frequently  the  writer  found  that  hand-fed  machines  were  most 
efficient,  as  the  workmen  could  regulate  the  feed  to  suit  the  nature  of 
the  stone.  Drills,  which  advance  automatically,  had  been  used  in 
some  cases,  but  as  a  rule  nowadays  the  automatic  feed  had  been 
almost  discarded. 

The  mean  length  of  drift  driven  per  diem  averaged  o'72  feet,  at  a 
cost  of  18s.  2d.  per  foot:  and  the  cost,  including  cost  of  machinery 
after  allowing  for  value,  when  the  drift  was  finished,  had  been  £1  per  foot. 

When  driving  through  strata  of  an  argillaceous  and  shaley  nature, 
the  worKmen  ceased  to  use  power-drills,  as  they  found,  in  moderately 
hard  stone,  that  they  could  drill  the  holes  as  speedily  with  the  ordinary 
hand  ratchet-drill,  on  taking  into  consideration  the  time  required  to  fix 
the  machine-drill. 
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The  general  position  in  which  the  holes  were  drilled  is  shown  in  Figs. 
9  and  10  (Plate  V.).  The  centre  and  suinping-holes  were  ignited  first, 
the  position  being  changed  according  to  the  rise  or  dip  of  the  strata. 
Where  the  strata  were  rising,  the  leading  or  sumping  holes  were  bored 
in  the  bottom,  and  in  the  top,  where  the  strata  were  dipping. 

The  number  of  holes  varied  from  romid  to  round — in  blue  metal  10 
to  13  holes  were  sufficient :  whilst  ia  harder  stone  the  number  was 
greater.  The  greatest  depth  bored  in  one  shift  by  two  machines  was 
80  feet. 

Where  the  stone  was  sufficiently  damp  to  make  the  borings  plastic, 
some  difficulty  was  experienced  in  keeping  the  boles  clear  ;  and  to  over- 
come this,  a  small  close  cistern  was  used,  mounted  upon  wheels,  and 
provided  with  two  taps,  which  could  be  connected,  one  to  the  air-pipes 
and  the  other  to  a  hose  of  sufficient  length  to  reach  to  the  drill-holes. 
The  pressure  of  the  air  upon  the  water  in  the  close  cistern  forced  a  jet 
of  water  out  with  great  velocity,  which  speedily  cleared  the  holes. 

To  facilitate  the  work,  it  was  arranged  for  one  set  of  men  to  do  the 
drilhng,  and  the  following  set  to  blast  and  fill  the  stones  into  the  tubs  to 
be  sent  to  the  surface.  Where  hard  strata  were  met  with,  two  shifts  of 
men  were  required  to  diill  tlie  holes,  and  the  third  shift  fired  the  shots 
and  filled  tlie  stone. 

The  drift  could  have  been  driven  more  expeditiously,  but,  as  the 
large  quantity  of  stone  had  to  be  conveyed  to  the  same  heapstead  as  an 
output  of  1,200  tons  of  coal  per  day,  it  was  difficult 'to  increase  the 
number  of  men  without  interfering  with  the  ordinary  working  of  the 
colliery.  After  reaching  a  distance  of  about  2,500  feet,  the  work 
jjerformed  per  day  diminished. 

The  explosives  used  were  compressed  powder  and  gelignite,  Ijut 
mostly  the  former.  The  cartridges  were  If  inches  in  diameter  and 
weighed  about  3j  ounces.  The  charge  placed  in  each  hole  varied  from 
2  to  G  pounds,  according  to  the  length  of  the  hole  and  the  nature  of  the 
strata.  The  round  of  holes  were  all  charged  together,  the  sumping  and 
centre-holes  being  fired  first.  An  electric  shot-firer  was  used  and 
simultaneous  firing  tried,  but  without  success.  Theoretically  this  system 
is  a  misconception,  and  even  if  the  charges  ignited  simultaneously,  the 
result  is  not  as  efficient  as  with  independent  firing.  The  object  of 
igniting  explosives  in  a  rock  is  to  disintegrate  it  with  a  reasonable,  if 
not  the  least,  weight  of  explosive.  If  all  the  shots  are  ignited  at  once 
we  cannot  expect  that  one  shot  will  help  the  other ;  but,  if  the  centre 
charges  are  fired  first,  so  as  to  loosen  the  middle  of  the  working-face. 
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the  side  charges  should  then  operate  under  the  most  favourable 
circumstances. 

•The  volume  of  rock  excavated  from  the  drift  (f),l-l5  feet  long  and 
71i  square  feet  in  area)  was  367,807^  cubic  feet,  and  the  explosive  used 
was  (i'4  pounds  per  linear  foot  or  0'09  pound  per  cubic  foot. 

The  drift  was  ventilated  by  means  of  a  4|  inches  brick  partition - 
wall  built  3^  feet  from  one  wall-side,  and  carried  to  within  150  feet  of 
the  face.  The  fresh  air  was  passed  along  the  wider  side  of  the  brick 
brattice,  and  carried  beyond  the  end  (closed  by  a  door)  to  the  face  by 
means  of  wooden  l)oxes  (24  inches  by  24  inches).  The  return  air  passed 
out  of  the  drift,  along  the  narrower  side  of  the  brattice.  Compressed 
air  was  allowed  to  escape  at  the  face,  so  as  to  clear  the  smoke  quickly 
out  of  the  drift,  after  firing  shots.  The  temperature  of  the  air  at  the 
face  of  the  drift  was  about  61.y^  Fahr. 


APPENDIX  I. 

Sectiox  of  Strata  passed  THRoroH  in  driving  the  Main  Level  Drift  at 
West  Wylam  Colliery. 
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Prof.  H.  Louis  ( Newcastle  npon-Tyne)  had  seen  the  driviuu'  of  the 
drift,  and  was  very  much  interested  therein.  He  would  like  to  have 
a  definition  of  what  the  anthor  meant  by  hand-drilling,  so  as  to 
avoid  confusion  between  what  he  might  term  "  hand-boring "  with  a 
rotating  anger-like  drill  and  "  hand-drilling "  by  percussion.  He 
agTeed  with  what  the  author  said  as  to  the  advantage  of  hand-feeding  a 
machine- drill,  but  if  he  was  not  mistaken,  the  Cranston  drill  was  hand- 
rotating  as  well  as  hand-feeding.  He  was  a  disbeliever  in  hand-rotation, 
and  in  his  experience  hand-rotating  drills  stuck  more  frequently  than 
automatically  rotated  drills.  Usually  the  men  in  charge  did  not  rotate 
the  drill  uniformly,  and  they  were  apt  to  rotate  it  so  as  to  get  the  bit 
into  a  soft  spot  each  time.  He  would  like  Mr.  Bates  to  give  figures 
as  to  the  relative  quantity  of  explosive  used  while  hand-boring  and  while 
machine-drilling.  It  had  been  generally  claimed  that  machine-drilling 
was  more  expensive  as  regards  consumption  of  explosives  than  hand- 
boring,  but  the  data  available  were  not  quite  conclusive.  He  would  also 
ask  why  the  drill-bits  were  made  as  large  as  2|  inches  in  diameter,  when 
tlie  cartridge  was  only  1|  inches  in  diameter.  The  2|  inches  1)it  would 
probalily  drill  with  a  slight  clearance,  so  that  there  would  lie  al:)Out  f 
inch  or  so  of  vacant  space  in  the  hole.  Was  tliat  done  purposely,  and 
was  anything  gained  by  the  arrangement  ? 

Mr.  T.  E.  FoRSTER  (Xewcastle-upon-Tyne)  said  that  he  quite  con- 
firmed what  Mr.  Bates  said  about  hand-drilling  in  soft  stone  :  he  had 
driven  a  drift  with  a  Cranston  drill,  and  he  came  to  the  same  conclusion. 
He  found  the  same  difficulty  with  regard  to  the  simultaneous  firing  of 
shots  by  electricity,  but  he  obtained  better  results  with  low-tension  than 
witli  high-tension  fuzes. 

Mr.  P.  KiEKUP  (Birtley)  asked  whether  rock-drills  had  been  used 
for  the  central  holes,  and  hand-drills  for  the  side-holes  or  pop-shots. 

Mr.  C.  H.  Steavenson  (Redheugh)  enquired  whether  electric  drills 
had  been  tried.  Such  drills  were  largely  used  in  Cleveland,  where  they 
employed  very  powerful  rotary  machines. 

Mr.  T.  W.  Benson  said  that  he  did  not  notice  any  comparison  of 
costs  between  the  time  when  the  drift  was  going  by  hand-power  and 
when  the  Cranston  drill  was  used.  He  had  driven  some  900  feet  of  stone- 
drift  (approaching  the  00  fathoms  dyke  from  the  opposite  side  to  that 
on  which  Mr.  Bates  worked)  using  ratchet-drills.  He  was  about  to  use  a 
machine-drill,  and  he  was  curious  to  find  out  whether  there  would  be 


66  DISCUSSION — THE  DRIVING  OF  A  STONE-DRIFT. 

any  diffeiviice  in  tliu  cost,  but  he  hoped  to  .uet  gTeater  expedition.  There 
seemed  to  be  a  general  consensus  of  opinion  that  in  moderately  hard  rock 
a  machine-drill  would  not  do  the  work  any  cheaper  than  ratchet-drills, 
which  had  lieen  very  much  improved  of  late  years. 

Mr.  SiDXEY  Bates  said  that  hand-drilling  was  not  now  practised 
in  Northumberland  or  Dnrliam.  The  workmen  now  used  rotating  drills. 
The  men  had  had  no  trouble  with  bent  drills :  they  generally  commenced 
with  the  larger  drill  so  as  to  drill  a  hole  going  to  a  depth  of  8  feet.  The 
workmen  had  tried  electric  shot-firing,  and  had  voluntarily  discontinued 
its  use.  Some  of  the  rock  was  hard  comi)act  siliceous  sandstone,  which 
bent  the  ratchet-drills. 

Mr.  H.  Lawrence  asked  whether  they  had  tried  a  drill  that  would 
drill  a  hole  in  steps,  so  that  they  made  a  smaller  hole  at  first  and  the 
wider  part  of  the  di'ill  cut  down  the  shoulder.  In  exceedingly  hard 
rocks,  he  had  found  that  they  couhl  drill  more  quickly  by  drilling  a  small 
hole  and  enlarging  it  afterwards  to  full  size. 

Mr.  R.  S.  Anderson  (Xewcastle-upon-Tyne)  said  that  he  was  at  the 
present  time  driving  a  drift  with  a  Cranston  machine-drill.  The  cost  of 
compressed-air  drills  was  certainly  no  less  than  ordinary  hand-drilling  in 
stone  of  ordinary  hardness.  He  had  found  stone  above  the  Brockwell 
seam,  at  Xorth  Elswick  collieries,  harder  than  any  he  had  ever  seen  near 
that  seam  l^efore,  and  the  workmen  had  had  great  difficulty  indeed  in 
working  it  by  hand.  It  was  on  that  account  and  also  on  account  of  the 
saving  of  time  that  he  decided  to  adopt  the  Cranston  drill.  The  drift 
would  be  about  1,500  feet  long,  and  probably  they  would  have  considered 
more  seriously  before  putting  in  a  machine-drill,  had  it  not  been  for  the 
fact  that  there  was  an  oil-engine  working  a  pump  at  a  point  near  where 
the  drift  was  to  commence.  An  air-compressor  was  erected  at  that  point 
and  was  driven  by  the  oil-engine,  which  at  other  times  was  used  for 
pumping.  By  this  method,  there  was  a  saving  of  cost  of  expensive  plant 
at  the  surface,  and  a  consideraljle  length  of  pipe,  with  consequent  loss  of 
power  in-bye.  The  drift  was  commenced  at  a  point,  3,600  feet  from  the 
shaft.  He  presumed  that  the  cost  of  18s.  2d.  per  foot,  as  stated  by  Mr. 
Bates,  was  for  the  actual  working  of  the  drift,  and  did  not  include  the 
removal  of  the  stone.  It  would  be  interesting  if  Mr.  Bates  could  give 
the  cost  of  running  the  engine,  and  of  the  fuel  and  stores  used  in  con- 
nexion with  the  plant.  The  members  could  only  make  a  comparison  of 
the  cost  of  power-drilling  and  hand-drilling,  when  all  these  items  were 
taken  into  account. 
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Mr.  Sidney  Bates,  replying  to  the  discussion,  said  that  the  hand- 
drilling  referred  to  in  his  paper  was  actually  hand-boring,  as  there  were 
not  many  hand-drilled  holes  at  the  present  time.  The  Cranston  drill  was 
hand-rotating,  which  was  certainly  a  drawback  :  and  he  believed  that 
automatically  rotated  drills  worked  uniformally  and  required  less  atten- 
tion. The  quantity  of  explosive  used  when  hand-boring  was  0"0(J8  lb. 
per  cubic  foot ;  and  with  machine-drills,  0*12  lb.  per  cubic  foot.  The 
drill-bits  were  made  2|  inches  in  diameter  so  as  to  allow  ample  margin 
in  reducing  the  diameter  in  deep  holes,  and  nothing  would  have  been 
gained  by  trying  to  drill  the  holes  with  only  a  slight  clearance.  All  the 
holes  were  drilled  with  machine-drills  after  the  machine-drills  were  in 
use.  The  electrically-driven  drills  were  only  tried  at  the  works  of  an 
electrical  engineer.  The  cost  was  a  little  higher  with  machine-drills,  but 
the  strata  was  much  harder.  Without  machine-drills,  the  rate  of 
progress  per  week  would  certainly  have  been  much  less  and  the  cost  much 
more.  He  had  had  experience  with  oil-engines  and  certainly  he  could 
not  recommend  their  adoption  to  drive  air-compressors  in  mines.  The 
costs  given  in  his  paper  only  included  the  money  paid  to  the  workmen 
for  blasting  the  stone  and  filling  it  into  tubs.  The  loss  of  pressure  of  the 
air  at  the  end  of  the  drift  was  10  lbs.  per  square  inch. 

Mr.  A.  L.  Steavenson  (Durham)  had  seen  a  great  deal  of 
drilling  with  compressed  air  and  with  electric  drills,  and  his  experi- 
ence very  much  agreed  with  those  views  which  had  been  expressed. 
He  had  not  found  machine-drilling  of  much  advantage  in  hard  post- 
stone.  Perhaps  it  was  because  he  did  not  stick  to  it  long  enough,  but 
of  all  the  motors  he  liked  compressed  air  best,  because  they  got  fresh 
air  constantly  at  the  face  for  the  workmen.  The  use  of  an  oil-engine 
for  driving  the  air-compressor,  referred  to  by  Mr.  Anderson,  seemed  to 
be  a  very  economical  method.  He  (Mr.  Steavenson)  had  tried  simul- 
taneous firing,  but  the  places  that  they  were  driving  in  Cleveland  were 
10  feet  high  and  14  feet  wide.  They  often  drilled  15  holes  in  a  single 
place  before  firing  a  shot,  and  he  thought  that  if  they  could  use  simul- 
taneous firing  it  would  be  economical.  He  proposed  a  hearty  vote  of 
thanks  to  Mr.  Bates  for  his  interesting  paper. 

The  motion  was  cordially  appro\'ed. 
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DISCUSSION  OF  DR.  JOHN  S.  HALDANE  AND  MR.  F.  G 
MEACHEM'S  "OBSERVATIONS  ON  THE  RELATION 
OF  UNDERGROUND  TEMPERATURE  AND  SPONTANE- 
orS  FIRES  IN  THE  COAL  TO  OXIDATION,"  ETC.* 

Dr.  P.  Phillips  Bedson  (Newcastle-upon-Tyne)  wi-ote  that  he  had 
read  with  considerable  interest  the  paper  by  Dr.  Haldane  and  Mr. 
Meaehem,  which  contained  a  large  amount  of  valuable  information  on  a 
subject  of  great  practical  interest.  After  the  investigations  of  Richters 
and  others  on  this  subject  one  was  scarcely  prepared  to  learn  that  such  a 
preponderating  influence  in  heat  production  should  be  given  to  the  iron- 
pyrites  contained  in  coal,  as  the  trend  of  these  investigations  had  been 
rather  to  detln-one  iron-pyrites  from  its  exalted  position.  The  authors' 
contention  as  to  the  part  played  by  iron-pyrites  would  have  been 
strengthened  had  they  given  some  idea  of  the  composition  of  the  coal 
with  which  they  experimented,  both  before  and  after  oxidation.  The 
increase  in  weight  of  carbon  compounds  on  oxidation  is  not  very  difficult 
of  explanation,  for  oxidation  does  not  necessarily  mean  production  of  car- 
bon dioxide  and  water,  but  may  simply  be  the  fixation  of  oxygen.  To 
take  a  simple  case,  the  oxidation  of  acetic  aldehyde  to  acetic  acid  results 
in  1  part  by  weight  of  acetic  aldehyde  forming  1-36  parts  by  weight 
of  acetic  acid.  It  is  simply  an  oxygen  addition.  That  such  actions  may 
take  place  with  coal  is  shown  in  the  analyses  and  experimental  results 
described  by  Dr.  Carrick  Anderson  in  his  paper  recently  read  before  The 
Institution  of  Mining  Engineers,  t 


*  Trails.  Iii-st.  M.E.,  voL  xvi.,  pages  4.57  and  495  ;   and  vol.  xviii.,  page  15. 
ilbid.,  1898,  vol.  xvi.,  page  3.35. 
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THE  NORTH  OF  ENGLAND  INSTITUTE  OF  MINING  AND 
MECHANICAL  ENGINEERS. 


GENERAL  MEETING, 

Held  ix  the  Wood  Memorial  Hall,  Newcastle-upox-Tyxe, 

December  9th,  1899. 


:\Ir.  WILLIAM  ARMSTRONG,  Presidext,  ix  tiie  Chair. 

The  Secretary  read  the  minutes  of  the  last  General  Meeting  and 
reported  the  proceedings  of  the  Council  at  their  meetings  on  November 
2oth  and  that  day. 


The   following    gentlemen    were    elected,    having    been    previously 
nominated  :  — 

Members — 
Mr.  Hexry  Bennett,  Mining  p]iigineer,  Rio  Tinto  Mines,  Huelva,  Spain. 
Mr.     Sherard    Osborx     Cowper-Coles,     Electro-Metallurgist,     Grosvenor 

Mansions,  Victoria  Street,  Westminster,  London,  S.W. 
Mr.   David  Davies,   Ci^'il  and   Mining    Engineer,   Cow  ell  House,   Llanelly, 

South  Wales. 
Mr.   James  Archibald  Dewhcr-st,  Mining  Engineer,  The  Grove,  Walton- 

le-Dale,  Preston,  Lancashire. 
Mr.  JoHX  Exglish,  Mining  Engineer,  Garestield  Collierj^  Higli  Spen,  Lintz 

Green,  R.S.O.,  Co.  Durham. 
Mr.    John    Sutherland    Foster,    Civil    and    Mining    Engineer,    Blaenau 

Ffestiniog,  North  Wales. 
Mr.  Hexderson  Gibson,  Jux.,  Colliery  Manager,  Chirton  West  View,  North 

Shields 
Mr.  Thomas  Chickex  Hair,  Mechanical    Engineer,  Bede  House,  Hebburn- 

upon-Tyne. 
Mr.    Charles    Henderson,    Colliery    Manager,    Cowpen    Colliery,    Blyth, 

Northumberland. 
Mr.    Thomas    Hewitsox,    General    Manager,    Ivanhoe    Gold    Corporation, 

Limited,  Boulder,  Western  Australia. 
Mr.  Frederick  John  Holmax,  Mining  Engineer,  The  Grove,  Walton-le-Dale, 

Preston,  Lancashire. 
Mr.    Farquhar  Lambert,  Mechanical    Engineer,    Apartado   2025,    City   of 

Mexico,  Mexico. 
Mr.   Henry  Johnsox  Meix,  Colliery  Manager,  Carterthorne  Colliery,  Toft 

Hill,  Bishop  Auckland. 
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Mr.  Alexander  Moxtc;o^iery,  Mining  Engineer,  Kauri  Freehold  Gold 
Estates,  Limited,  Opitoniii,  Coroniandel,  New  Zealand. 

Mr.  Arthur  Mort,  Colliery  Manager,  Curran  House,  Dungannon,  Ireland. 

Mr.  Samuel  Rothwell,  Collierj-  Proprietor,  21,  Chorley  New  Road,  Bolton, 
Lancashire. 

Mr.  James  Howard  Walker,  Mining  Engineer,  Bank  Chambers,  Wigan. 

Mr.  Nathaniel  Wilson,  Mechanical  Engineer,  P.O.  Box  485,  Johannesburg, 
Transvaal,  South  Africa. 

Associate  Members — 

Mr.  James  Gibson,  P.O.  Box  1026,  Johannesburg,  Transvaal,  South  Africa. 
Mr.  WiLFTiiD  Ingram  Wrightson,  Cramlington  Colliery,  Northumberland. 

Associates — 
Mr.  John  George  Stokoe,  Overman  and  Under-manager,   3,  The  Terrace, 

New  Lambton,  Fence  Houses. 
Mr.  Ralph  Storey   Swallow,  Assistant  Manager  and   Surveyor,  Langley 

Park  Colliery,  Dm-ham. 

Students — 
Mr.  George  Henry  Robinson,  .Jun.,  Mining  Student,  Holm  Lea,  Sunderland. 
Mr.  Hubert  F.  G.  Roose,  Mining  Student,  4,5,  Hill  Street,  Berkeley  Square, 
London. 


DISCUSSION  OF  MR.  E.  G.  KILLER'S  PAPER  OX  "THE 
WORKING  OF  THE  BOILER  EXPLOSIONS  ACTS,  1882 
AND   1890."* 

Mr.  Henry  Laweence  said  that,  notwithstanding  the  large  increase 
in  the  number  of  boilers  now  working,  there  was  a  large  decrease  in  the 
number  of  explosions.  He  thought  that  this  had  been  brought  about  by 
improved  design,  material,  workmanship  and  machinery  used  in  the 
manufacture  of  boilers.  Some  44  years  ago  when  he  came  to  the 
north  of  England,  he  found  among  the  collieries  and  works  that  very 
few  boilers  other  than  plain  cylindrical  ones  were  in  use.  At  that  time,  in 
London  and  the  outskirts,  the  most  economical  boiler  that  they  could  get 
was  used  at  waterworks  on  account  of  the  high  price  of  coal — that  was  the 
Cornish  boiler  with  one  flue,  in  which  the  combustion  was  so  slow  that 
they  could  put  their  hands  upon  the  furnace -doors.  And  at  some  of  the 
large  waterworks,  fuel  (coke-breeze  mixed  with  duff-coal)  was  burnt  that 
men  would  not  look  at  nowadays. 

The  plain  cylindrical  boiler — then  in  use — was  badly  designed.  The 
material  was  not  suitable  to  put  into  any  boiler.  "Ship-plates"  were 
used,  and  he  thought  that  he  would  be  right  in  saying  that  some  of  them 

*  Tt'oix.  Inst.  M.E.,  vol.  xvii. ,  page  19, 
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were  little  better  than  cast  iron.  Low  Moor  iron  was  used  along  the 
bottom  of  the  boiler  for  a  certain  length  over  the  fire,  and  he  contended 
that  coupling  such  a  class  of  iron  with  ship-plates  was  ruinous  to  the 
boiler  itself. 

The  fire-bars  were,  as  was  usual  in  those  days,  about  2^  inches  thick, 
with  an  air-space  of  1^  inches.  They  were  cleaned  by  knocking  at  the 
projecting  end  of  the  bar,  and,  as  a  consequence,  not  more  than  half  the 
coal  was  burned  under  the  boiler,  and  the  remainder  was  wheeled  out  on 
to  the  top  of  the  waste-heap.  The  enormous  heat  caused  deposits  to 
accumulate  over  that  part  of  the  boiler  where  the  evaporation  was 
greatest,  the  plates  came  down,  and  boiler-smiths  were  continually 
repairing  them.  Repairs  were  generally  very  roughly  made,  and  little 
was  thought  of  putting  in  a  "stop-rivet,"  as  it  was  called. 

Seam -rips  were  produced  in  plain  cylindrical  boilers,  because  they 
were  always  supported  on  their  seating  by  means  of  a  series  of  cast-iron 
brackets  ;  later  the  boilers  were  increased  in  length,  and  they  were  hung 
from  arched-brackets,  so  as  to  be  entirely  suspended.  As  the  boilers 
were  not  covered,  the  enormous  heat  passing  under  the  boilers  and  the 
expansion  at  the  bottom  caused  the  boilers  to  lift  up  their  ends  :  as 
the  boilers  were  made  in  rings,  there  was  a  tendency  to  open  the  lower 
part  of  the  ring  and  its  rivets,  and  hence  seam-rips  were  commenced. 

The  material  was  so  bad  that,  after  a  plate  was  flanged  and  nearly 
finished,  it  would  be  condemned  as  rotten.  They  had  no  such  material 
as  mild  steel,  which  can  be  flanged  round  the  fire-box  by  hydraulic 
power  in  one  oi^eration. 

He  considered  that  the  workmen  of  the  present  day  were  more 
competent  than  those  of  40  years  ago,  and  boiler-makers  generally  were 
a  different  class  of  men  from  what  they  used  to  be.  At  the  present  day,  in 
boiler-shops  the  tubes  were  welded,  and  then  flanged,  entirely  by 
machinery,  in  such  a  way  that  nothing  more  accurate  could  be  made. 
The  improved  design,  and  improved  workmanship,  of  boilers  of  the 
present  day  had  reduced  the  number  of  explosions  ;  and  he  was  of 
opinion  that  the  Boiler  Explosions  Acts  had  been  decidedly  beneficial. 
He  knew  that  the  Board  of  Trade  considered  that  everything  liable  to 
burst  was  a  steam-boiler.  He  himself  was  unfortunate  enough  to  have  a 
globe  valve,  placed  underground  some  70  or  80  feet  from  the  shaft- 
bottom,'  which  passed  the  steam  to  an  underground  engine  ;  the  work- 
men had  been  making  some  repairs  to  a  steam-pipe,  and  instead  of  the 
engineman  opening  the  cocks  at  the  steam-engine  he  opened  the  valve 
suddenly  and  let  the  water  pass  out  at  the  tap.    When  steam  was  turned 
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on,  tlie  valve  burst,  and  a  man  was  killed.  An  enquiry  was  held  by  an 
inspector  from  the  Board  of  Trade  and  the  valve  was  brought  to  his 
works.  (There  was  some  doubt  as  to  whether  the  valve  had  been  made 
at  their  works  or  not.)  The  valve  in  question  was  broken  open  ;  it 
was  found  that  it  was  of  proper  thickness  ;  the  Board  of  Trade  pub- 
lished an  elaborate  report,  and  there  had  been  as  much  money  spent  over 
the  case  as  though  it  had  been  a  boiler-explosion. 

In  looking  over  the  paper  he  found  that  Prof.  Louis,  in  the  dis- 
cussion, "  asked  whether  Mr.  Hiller  could  give  the  members  any  idea  of 
the  average  increase  in  steam -pressure  during  the  years  comprised  in 
Table  II.  He  took  it  as  undoubted  that  from  186(3  to  1897,  the 
average  s ream-pressure  had  been  steadily  increasing,  and  if  they  could 
get  this  information  so  as  to  form  a  base-line  from  w'hich  the  number  of 
accidents  could  be  tabulated,  it  might,  he  thought,  be  shown  that  an 
increase  in  steam -pressure  was  accompanied  by  an  increase  in  safety."* 
He  (Mr.  Lawrence)  agreed  with  that  statement,  as  he  did  not 
think  it  could  be  proved  that  an  increase  of  pressure  had  caused  any 
increase  in  the  numljer  of  boiler  explosion?.  It  appeared  to  him,  that 
if  a  boiler  had  to  withstand  a  pressure  of  200  pounds  per  square 
inch,  whereas  only  50  pounds  was  formerly  required,  more  attention 
would  be  given  to  its  manufacture  by  the  boiler-maker. 

Mr.  A.  L.  SrEAVENSOx  (Durham)  said  that  the  subject  of  the  paper 
was  the  working  of  the  Boiler  Explosions  Acts.  Nevertheless,  the  paper, 
and  the  discussion,  seemed  to  have  been  devoted  to  boiler  explosions,  and 
he  thought  that  it  would  be  interesting  if  the  members  would  each  give 
their  experience  of  the  working  of  the  Acts.  He  had  a  certain  boiler 
heated  by  the  waste-gases  from  coke-ovens,  and,  as  the  heat  was  very 
great  at  week-ends,  the  boiler  '•  primed  " — water  got  into  a  steam-pipe, 
and  the  pipe  was  cracked  longitudinally.  He  reported  the  matter  to 
the  Board  of  Trade,  whereupon  several  of  their  inspectors  came  to  the 
colliery  and  made  numerous  measurements,  and  finally  the  pipe  was 
smashed  to  see  whether  it  was  made  of  suitable  material  and  thickness. 
After  a  long  delay,  he  received  a  report  on  the  explosion  of  a  steam-pipe 
at  Tursdale  colliery. 

Mr.  T.  E.  FoR.STKR  (Newcastle-upon-Tyne)  said  that  probably  few 
engineers  nowadays  had  boiler  explosions,  but  if  they  had  a  blown  joint 
in  a  steam-pipe,  according  to  the  letter  of  the  Boiler  Explosions  Acts, 
it  was  necessary  to  repoi't  it  to  the  Board  of  Trade.     He  had  had  one 

*  Trana.  Iiutt.  M.E.,  vol.  xvii.,  page  48. 


DISCUSSION — THE  BOILEE  EXPLOSIONS  ACTS.  73 

experience  of  a  Board-of-Trade  enquiry,  and  he  hoped  that  it  would  be 
the  last  as  it  was  the  first.  It  was  very  much  better  when  inquiries  as 
to  all  accidents  at  collieries  were  made  by  inspectors  of  mines  under  the 
Home  Secretary. 

Mr.  Henry  Lawrence  said  that  he  would  recommend  every  steam- 
user  to  cover  the  boilers,  and  to  take  as  much  trouble  to  keep  them  clean 
and  under  cover  as  they  would  with  a  steam-engine. 

Mr.  J.  F.  L.  Crosland  (Manchester)  wrote  that  he  had  always 
entertained  the  opinion  that  the  Boiler  Explosions  Act  of  1882  was 
sufficient,  if  properly  enforced,  to  extinguish  preventable  boiler  explo- 
sions. His  impression  on  this  point  was  so  strong  that  in  1889 — 
at  which  time  he  might  observe  that  no  less  than  336  enquiries  into 
boiler  explosions  had  been  made  under  the  Boiler  Explosions  Act  and  in 
only  one  solitary  instance  out  of  all  that  number  was  a  formal  investiga- 
tion held,  and  then  no  fine  or  charge  was  made  upon  the  offender — 
ne  drew  the  attention  of  Mr.  Summers  (M.P.  for  Huddersfield)  to 
the  matter,  and  induced  him  to  ask  in  the  House  of  Parliament  why  the 
penal  clauses  had  hitherto  not  been  properly  enforced,  to  which  Sir 
Michael  Hicks  Beach  replied  that  "  he  was  carefully  considering  whether 
in  the  public  interest  the  Boiler  Explosions  Act  could  not  be  more 
stringently  enforced  in  future."  In  consequence  of  that  enquiry,  during 
the  following  year,  up  to  April  17th,  lb91,  no  less  than  31  formal 
iuvestigations  ^ere  held,  and  fines  of  various  amounts  from  £10  to  £80 
were  inflicted.  Since  that  date,  formal  investigations  have  regularly  taken 
place,  and  fines  of  small  amounts  have  been  inflicted.  Still,  not  only  the 
number,  but  the  serious  character  of  boiler  explosions  had  been  reduced, 
as  pointed  out  in  the  paper  under  discussion.  In  fact,  the  result  had 
been  so  satisfactory  that  he  felt  perfectly  convinced  that  if  the  fines  were 
made  more  severe  and  the  results  published,  preventable  boiler  explosions 
would  become  a  thing  of  the  past,  or,  to  repeat  Sir  Michael  Hicks  Beach's 
remark  upon  the  subject,  that  "publicity  and  penalties  would  do  more 
good  than  anything  that  Parhament  could  do." 

]\Ir.  E.  G.  HiLLER  (Manchester),  replying  to  the  discussion,  wrote 
that  he  oljserved  that  several  gentlemen  called  attention  to  the  fact  that 
they  had  had  accidents  to  steam-pipes  which  had  been  investigated  by 
the  Board  of  Trade  under  the  Boiler  Explosions  Acts.  Although  these 
investigations  no  doubt  would  cause  them  some  personal  inconvenience, 
on  the  other  hand,  the  information  obtained  from  investigations  of 
this  kind  had  proved  to  be  of  considerable  value  ;   and  if   the  lessons 
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taught  by  the  accidents  received  proper  consideration  the  number  of 
such  accidents  would  be  considerably  reduced  in  the  future.  While,  there- 
fore, he  considered  it  desirable  that  steani-})ipe  accidents  should  be  investi- 
gated, he  thought  it  was  undesirable  that  they  should  be  classed  as  boiler 
exjilosions.  He  agreed  with  Mr.  Lawrence's  remarks  reconiuiending 
steam-users  to  cover  boilers,  and  to  take  as  much  trouble  to  kee})  them 
clean  and  umler  cover  as  they  would  with  a  steam-engine.  Very 
frequently,  however,  boilers  at  collieries  were  not  enclosed  in  boiler-houses, 
and  under  such  circumstances,  owing  to  the  exposure  to  weather,  they 
sometimes  becatne  damp,  which  might  lead  to  external  wasting  of  the 
plates  beneath.  To  avoid  the  risk  of  cxjtlosion  from  this  cause,  periodical 
baring  of  the  covering  was  necessary. 


DISCUSSION  OF  MESSRS.  HEISE  AND  THIEM'S  "EXPERI- 
MENTS ON  THE  IGNITION  OF  FIRE-DAMP  AND  COAL- 
DUST  BY  MEANS  OF  ELECTRICITY."* 

Mr.  A.  L.  Steave^^son  (Durham)  thought  that  this  paper  showed 
very  clearly  that  the  conditions  under  which  it  was  safe  to  employ 
electricity  in  coal-mines  were  rare.  In  the  summary  of  precautions  to  be 
observed,  it  was  pointed  out  that  the  experiments  were  not  made  with 
the  object,  nor  were  they  capable,  of  formulating  a  definite  opinion  as  to 
the  applical)ility  of  electricity  in  fiery  mines  ;  and  it  was  further  stated 
that  "  the  sum  of  the  results  obtained  shows  that  in  general  the  amount 
of  electrical  enei'gy  which  is  capable  under  certain  circumstances  of 
igniting  fire-damp  need  only  be  extremely  small."!  It  appeared  to  him 
(Mr.  Steavenson)  that  whether  it  was  extremely  small  or  extremely  great, 
it  was  shown  to  be  equally  dangerous.  The  individual  results  of  the 
experiments  upon  incandescent  lamps  Avere  summarized  in  the  paper  as 
follows  : — 

2  candle-power  lamps  for     6  volts  and  0'80  ampere  unsafe. 
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10 

(c) 

16 
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{k) 

50 

(I)   100 
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If  the  margin  between  safety  and  danger  was  so  small  that, 
although  they  could  use  a  10  candle-power  lamp  for  60  volts  and  con- 
sider themselves  safe,  while  with  a  16  candle-power  for  (!5  volts  they  were 
unsafe,  he  thought  it  proved  that  it  was  neither  safe  nor  pleasant  to 
introduce  electricity  into  the  fiei-y  atmosphere  of  a  mine. 


DISCUSSION     OF     MR.    B.    MURCIUE'S     PAPER     ON     "THE 
MURGUE  RECORDING  VOLUMETRIC  ANEMOMETER." 

Mr.  Bryan  Donkin  (London)  wrote  that  he  had  read  with  pleasure 
this  paper,  describing  a  very  ingenious  arrangement  for  recording  the 
air-pressures  in  certain  parts  of  a  fan  or  in  a  mine  in  restricted  air- ways  ; 
and  coming  from  so  distinguished  a  mining  engineer,  it  demanded  careful 
attention.  It  seemed  to  be  a  most  useful  and  instructive  apparatus  for 
studying  vacuums  or  pressures  in  mines  on  a  time  basis,  but  a  better 
opinion  could  be  given  if  one  had  actually  seen  the  instrument  at  work. 
He  suggested  that  a  committee  should  be  appointed  for  experimenting 
with  one  (to  be  obtained  from  France),  that  it  should  be  tested  at 
one  or  two  British  mines  for  some  months,  and  that  the  committee 
should  report  to  the  members.  It  could  be  no  doubt  made  applicable  to 
other  fans  than  the  Rateau  fan  and  in  restricted  air-ways.  No  doubt  a 
time-record  on  paper  of  air-pressures  in  mines  was  very  important,  and 
such  an  instrument,  based  on  the  Pitot-tube  system  properly  applied,  he 
thought,  was  well  worth  testing,  and  the  results  should  be  followed 
closely  by  mining-enguieers. 


Trans.  Inst.  M.E.,  vol.  xvii.,  page  261. 


TEANSACTIONS. 


THE  NORTH  OF  ENGLAND  INSTITUTE  OF  MINING  AND 
MECHANICAL  ENGINEERS. 


GENERAL    MEETING, 
Held  in   the   Wood  Memorial   Hall,   Newcastle-upon-Tyne, 
February   10th,    1900. 


Me.  WILLIAM   ARMSTRONG,  President,  in  the  Chair. 


The  Secretary  read  the  minutes  of  the  last  General  Meeting,  and 
reported  the  proceedings  of  the  Council  at  their  meeting  on  January 
27th  and  that  day. 

The  following  gentlemen  were  elected,  having  been  previously 
nominated  : — 

Members — 
Mr.     Ivo   William   Baldwin,   Mining    Engineer    and    Collieiy    ^Manager, 

Oakleigh,  Ruardean,  Gloucestershire. 
Mr.   Christopher  Ernest  Buckle,  Engineer   in   charge   of   the   Ajjampur 

Mine    of    the    Kadur-Mysore  Gold   Mines,    Limited,    co   Mr.    T.    T. 

Leonard,  4,  Gordon  Avenue,  Bangalore,  Mysore  Province,  South  India. 
Mr.  John  Henry  Bacon  Forster,  Mining  Engineer,  Cramlington  Colliery, 

Northumberland. 
Mr.  George  Alfred  Greener,  Mining  Engineer,  Netherton  Hall  Colliery, 

Newcastle-upon-Tyne. 
Mr.  Gerald  Hopkins,  Metallurgical  Chemist  and  Engineer,  British  Columbia 

Bullion  Extracting  Company,  Silica,  Rossland,  British  Columbia 
Mr.  Albert  Littlejohn,  Colliery  Manager,  Killingworth  Colliery,  Newcastle, 

New  South  Wales, 
ilr.  William  Henry  Mascall,  Colliery  Manager,  Zetland  House,  Cockton 

Hill,  Bishop  Auckland. 
Mr.    Francis   James    Oakes,    Jun.,   Mining   Engineer,    58,    Pearl   Street, 

Boston,  Massachusetts,  United  States  of  America. 
Mr.  Charles  Edward  P.\rish,  Mechanical  Engineer,  Ouston  Yilhi,  Chester- 

le-Street,  County  Durham. 
Mr.  Frederick   Cardell  Penc-illy,  Mine-manager,   Mikado  Gold  Mining 

Company,  Limited,  Rat  Portage,  Ontario,  Canada. 
Mr.  James  Edward  Riddle,  Colliery  Manager,  Shilbottle  Colliery,  Lesbury, 

R.S.O.,  Northumberland. 
Mr.  Philip  Rhinelander  Robert,   Mine-manager,  Greenland,   Ontonagon 

County,  Michigan,  United  States  of  America. 
Mr.  John  Robinson,  Colliery  Manager,  2,  River  View,  Blaydon-upoa-Tyne. 
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Mr.  Ernest  Henry  Thomas,  Mining  Engineer,  Oakhill,  Gadlys,  Aberdare, 

South  Wales. 
Mr.  Iltyd  Edward  Thomas,  Mining  Engineer  and  Mineral  Estate  Agent, 

Glanj-nior,  Swansea. 
Mr.  John   Wili^iam  Thomfson,  Mining  Engineer,  Greenfield  House,  Crook, 

K.S.O.,  County  Durham. 
Mr.  Joseph  Burr  Tyrrell,  Consulting  Mming  Engineer,  Dawson,  Yukon 

Territory,  Canada. 
Mr.  CUNINGHAME  WiLSON-MooRE,  Mining  Engineer,  Steynsdorp,  Transvaal. 

Associate  Member — 
Mr.  Anthony  Wilson,  Thornthwaite,  Keswick,  Cumberland. 

Associates — 
Mr.     John     George    Heckels,     Colliery    Surveyor,     Broonihill    Colliery, 

Acklmgton,  Northumberland. 
Mr.  George  Mather,  Colliery  Under- manager.  Double  Row,  New  Delaval, 

Newsham,  R.S.O.,  Northumberland. 

Students  — 
Mr.  Robert  Clive,  Assistant  Viewer,  St.  Helen's  Colliery,  Bishop  Auckland. 
Mr.  Christopher  Heaps,  Mining  Student,  12,  Richmond  Terrace,  Gateshead- 

upon-Tyne. 
Mr.  Tom  Wilson  Hunter,  Assistant  Surveyor,  Peases  West  Colliery,  Crook, 

R.S.O. ,  County  Durham. 
Mr.    Edwin    Walter    Milburn,    Mining    Student,     Link    View,    Blyth, 

Northumberland. 


DISCUSSION  OF   MR.   HARRISON  F.  BULMAN'S  PAPER  ON 
"  THE        KALGOORLIE        GOLD-MINES,       WESTERN 
AUSTRALIA,"*  AND   MR.  S.  J.  BECHER'S  PAPER  ON 
"  THE  KALGOORLIE  GOLD-riELD."t 
Mr.  Frank  Owen  (London)  wrote  that  the  occurrence  of  telluride- 
ores  in  Colorado  was  by  no  means  confined  to  Cripple  Creek  (El  Paso 
county) — though  that  of  course  was  by  far  the  leading  centre  of  pro- 
duction— but  they  were  also  found  in  other  localities  at  a  considerable 
distance,  and  in  a  somewhat  different  formation.     Boulder  county  had 
produced  telluride-ores  for  nearly  the  last  30  years,  and  long  before  the 
Cripple  Creek  region  was  known  to  contain  them.     According  to  the 
Colorado  Bureau  of  Mines,J  the  mines  of  Boulder  county  produced  in 
1898,  gold  to  the  value  of  £1U),85G  ($581,a02-4:l),  the  bulk  of  which 
came  from  high-grade  telluride  and  sulphide-ores.     The  Commissioner  of 
Mines  in  his  report  for  1897  stated  that : — "  Boulder  county  has  long  been 
noted  for  its  production  of  varied  telluride-ores,  and  has  contributed  many 
thousands  of  dollars  in  value  to  mineral  collections.    This  fact  can  better 

*  Trans.  Inst.  M.E..\o\.  xvii. ,  page  349.  f  Ibid.,\o\.  xviii.,  page  42. 
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be  appreciated  when  it  is  stated  that  some  of  the  ores  produced  have  a 
gold  value  of  $150  (£30  18s.  6d.)  per  pound,  and  from  a  mineralogical 
standpoint  are  priceless."  In  addition  to  the  telluride-minerals  referred 
to  by  Mr.  Bulman,  petzite  and  nagyagite  are  found  in  the  Boulder 
county  mines.  According  to  Mr,  J.  H.  Collins,  the  former  contains  : 
gold  18  to  25  per  cent.,  silver  40  to  47  per  cent,  and  tellurium  Z-2  to  36 
per  cent.,  whilst  the  latter  corresponds  to  the  formula  2PbAu  +  3 
TeSbS. 

He  noticed  that  Mr.  J.  J.  Sandeman  criticized  the  West  Australian 
mining  laws  unfavourably,  as  compared  with  those  of  the  United  States 
of  America.  He  had  had  some  experience  of  both,  and  would  say  that 
the  American  "law  of  the  apex"'  (or  the  right  to  follow  a  vein 
indefinitely  in  depth  on  its  dip)  was  generally  deplored  by  mining- 
engineers  in  that  country.     This  law  stated  that — 

The  locators  ....  shall  have  the  exclusive  right  of  possession  and 
enjoyment  of  all  the  surface  included  within  the  lines  of  their  locations,  and  of  all 
veins,  lodes  and  ledges  throughout  their  entire  depth,  the  top  or  apex  of  which  lies 
inside  of  such  surface-lines  extended  downward  vertically,  although  such  veins, 
lodes  or  ledges  may  so  far  depart  from  a  perpendicular  in  their  course  downward 
as  to  extend  outside  the  vertical  side-lines  of  such  surface-locations.  * 

This  one  clause  had  given  more  money  to  American  lawyers  than  any 
other  in  the  statutes  of  the  United  States  and  on  the  Cripple  Creek  field 
there  were  few  mines  which  had  escaped  prolonged  and  costly  litigation 
at  one  period  or  other  of  their  career.  He  believed  that  one  of  the  lead- 
ing mines  (the  Portland)  in  that  camp  had  to  fight  no  less  than  3C 
lawsuits  to  confirm  their  title. 

Mr.  H.  F.  Bulman  (Burnopfield)  wrote  that  the  experience 
gained  at  the  Kalgoorlie  gold-mines  during  the  period  that  had  elapsed 
since  his  paper  was  written  showed  that  the  treatment  of 
sulphide-ores  by  crushing,  roasting,  and  cyaniding  was  not  so  successful 
as  was  anticipated.  What  appeared  to  be  a  more  satisfactory  process 
had  been  discovered  by  Dr.  Diehl,  and  a  plant  had  been  erected  at  the 
Hannans  Brownhill  mine  in  1898.  It  was  completed  at  the  time  of 
the  writer's  visit  in  October  of  that  year,  but  secrecy  was  main- 
tained about  it,  and  visitors  were  not  allowed  to  see  it. 

It  was  reported  that  the  Lake  View  Consols  mine  had  tried  the 
Diehl  process  recently,  and  had  decided  to  adopt  it.  At  this  mine 
during  the  past  year  there  had  been  some  trouble  in  connection  with 
the  Brown  straight-line  roasting  furnaces. f 

*  U.S.  Statutes,  section  2,322.         +  Trans.  Imt.  M.E.,  vol.  xi.,  page  369. 
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It  had  been  found,  too,  that  finer  crushing  was  required  than  had 
been  anticipated.  The  Chilian  mills  had  proved  unsatisfactory  for  this 
purpose,  and  additional  Krupp  ball-mills  had  been  erected.  The  ore 
was  now  crushed  fine  enough  to  pass  through  a  30  meshes  in  place  of  a 
20  meshes  screen. 

Another  diflBculty  arose  in  the  cyanidation  process.  After  1 2  days 
in  the  vats,  the  roasted  pulp  tended  to  cement  together.  To  remedy 
this  inconvenience,  the  finer  material  was  treated  separately  by  agitating 
it  with  cyanide  solution  for  -4  hours,  and  then  putting  it  through  filter- 
presses.  This  process  yielded  an  average  extraction  of  95  per  cent. 
The  coarser  material  was  treated  in  the  leaching  vats  in  the  ordinary 
way. 

It  might  be  interesting  to  record  what  had  been  done  at  this,  the 
leading  mine  of  the  district,  during  the  year  that  had  elapsed  since 
his  paper  was  written.  During  the  year  ended  August  31st,  1899, 
85,889  tons  of  ore  had  been  raised,  and  199,230*335  ounces  of  bullion 
had  been  extracted.  This  produce  was  equal  to  a  yield  of  2'319 
ounces  per  ton,  and  taking  the  value  of  the  bullion  at  £3  16s.  per 
ounce,  the  value  of  the  ore  raised  was  £8  16s.  3d.  per  ton.  The  cost 
of  working  was  £2  os.  per  ton,  which  included  3s.  6d.  for  depreciation 
of  plant  and  machinery.  The  total  mining  cost  was  18s.  a  ton,  and  the 
cost  of  reducing  the  ore  was  18s.  od.  a  ton. 

The  great  bulk  of  the  output,  namely,  81,866  tons,  was  oxidized  ore, 
which  had  been  put  through  the  stamp-mill.  BuUion  weighing 
56,506"475  ounces  had  been  obtained  by  amalgamation,  making  a  yield  of 
13'8  dwts,  per  ton,  at  an  average  cost  of  6s.  lO^d.  per  ton.  The  battery- 
tailings  consisted  of  44,323  tons  of  sands,  35,136  tons  of  slimes,  and  90 
tons  of  concentrates.  Under  the  cyanide  treatment,  the  sands  yielded 
10'6  dwts.  per  ton  at  a  cost  of  5s.  lid.  per  ton,  and  the  slimes  treated  in 
the  filter-presses  yielded  6"6  dwts.  at  a  cost  of  7s.  6d.  a  ton.  Sulphide- 
ores  weighing  1,403  tons  were  treated  at  the  mine,  and  yielded  3'19 
ounces  per  ton  at  a  cost  of  £3  16s.  9d. ;  and  2,620  tons  of  sulphide-ores, 
shipped  to  smelters  in  New  South  Wales,  produced  38'976  ounces  per 
ton  at  a  cost  of  £7  4s.  5|d.,  including  cost  of  shipping. 

At  increasing  depths,  the  gold-bearing  formation  was  maintaining  its 
character,  rich  chutes  alternating  with  barren  or  low-grade  ground. 

Prof.  H.  Louis  (Durham  College  of  Science),  said  that  the  "  law 
of  the  apex"  caused  a  great  deal  of  trouble  in  districts  where  it 
operated.  By  this  law,  the  person  who  worked  the  mineral  at  its  out- 
crop was  also  entitled  to  follow  the  vein  to  any  depth. 
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Mr.  M.  Waltox  Browx  said  that  Mr.  John  Calvert  had  noted  the 
occurrence  in  Australia  (probably  in  Western  Australia)  of  "  tellurium, 
associated  with  lead,  containing  110  ounces  of  gold  to  the  ton."* 


DISCUSSION  OF  MR.  A.  BATEAU'S  "EXPERIMENTAL  IN- 
VESTIGATIONS UPON  THE  THEORY  OF  THE  PITOT 
TUBE  AND  THE  WOLTMANN  MILL."t 

Prof.  A.  Rateau  wrote  that  he  had  read  with  great  interest  the 
remarks  made  upon  his  paper  by  Mr.  Bryan  Donkin,  Prof.  Henry 
Stroud,  Mr.  C.  Chree  and  Mr.  W.  H.  Dines  at  the  meeting  of  August 
5th,  1899.  He  was  pleased  to  note  that  his  own  experiments  and 
theories  were,  upon  the  whole,  in  agreement  with  the  work  which  these 
gentlemen  had  done  on  the  same  subject,  and  was  proud  to  receive 
such  authoritative  confirmation. 

Messrs.  Chree  and  Dines  had  shown  that  they  had  previously  arrived 
at  conclusions  analogous  to  his  own,  and  in  some  respects  more  general. 
He  begged  to  thank  these  gentlemen  for  their  kindly  having  sent  him 
copies  of  their  works,  admitted  readily  their  priority,  and  apologized  for 
his  ignorance  of  the  work  done  by  them,  which  he  would  otherwise  have 
certainly  quoted  in  his  paper.  In  consequence  of  the  large  number  of 
technical  periodicals,  it  was  difficult  for  anyone  to  keep  himself  informed  of 
everything  that  was  published  in  different  countries,  and  it  might  be  said 
that  on  many  special  questions  like  this  one,  the  researches  carried  out  in 
one  country  were  almost  entirely  unknown  in  others.  The  investigations 
of  Messrs.  Chree  and  Dines  more  particularly  applied  to  meteorology, 
whilst  his  own  (Prof.  Rateau's)  had  more  direct  reference  to  hydraulic 
and  mining  engineering.  Though  having  been  undertaken  with  such 
different  objects,  their  results  mutually  supported  each  other. 

Mr.  Chree  had  directed  his  attention  especially  to  the  Robinson  cup- 
anemometer,  which  was  employed  by  meteorologists  to  the  exclusion 
of  the  helicoidal  anemometer  ("\Yoltmann  mill).  The  latter  was,  on  the 
other  hand,  the  only  one  used  for  measuring  air-currents  in  mines. 
The  action  of  the  air  on  these  two  classes  of  instruments  was  not 
the  same.  In  the  Robinson  anemometer,  the  hemispherical  cups 
present  varying  surfaces  to  the  air-current  throughout  each  revolution 
of  the  axis,  whilst  in  the  Woltmann  mill  the  vanes  always  presented 

*  The  Gold-rochf  of  Great  Britain,  etc.,  London.  LS.53,  page  23.5. 
f  Trans.  Inst.  M.E.,  vol.  xvii.,  page  ]'24  ;  and  vol.  xviii.,  page  16. 
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similar  surfaces  to  the  air-current,  provided  that  the  latter  was  parallel 
to  the  axis  of  the  instrument.  It  would  therefore  not  be  surprising 
that  the  formuhe  for  these  two  classes  of  instrument  should  differ 
notably.  Mr.  Chree  had  taken  for  the  equation  of  motion  of  the 
Robinson  cup-anemometer  : — 

dv 

,,   =  —  cto—  OiV  —  biV—  a.v"—  •2b.^v^  +  c.J  -      ...  (1) 

where  V  indicated  the  velocity  of  the  wind,  v  that  of  the  cups  of  the 
anemometer,  and  a^,  a-y,  cu,  i-^,  h.2,  and  Cn  were  constants.  In  the  second 
member  of  the  equation,  the  general  form  of  a  function  of  v  and  T"  of  the 
second  degree  would  be  recognized.  This  formula  included,  accordingly,  as 
special  cases,  all  formulae  in  which  v  and  F  were  in  the  second  degree  only. 
He  (Prof.  Rateau)  thought  that  he  had  proved  that  for  the  Woltmann 
mill  the  co-efficients  «i  and  a.^  of  Mr.  Chree  were  zero,  which  simplified 
the  formula  considerably  and  allowed  of  its  integration  in  terms  of  v. 
Mr.  Chree  had  pointed  out  that  in  studying  the  variable  condition.  Prof. 
Rateau  had  employed  an  equation  which  differed  from  that  which  he  had 
established  for  a  permanent  condition.  This  was  only  an  apparent  contra- 
diction, due  probably  to  tlie  fact  that  he  (Prof.  Rateau)  had  perhaps  not 
explained  matters  in  sufficient  detail.  In  the  permanent  condition  of 
motion,  he  had  taken  into  account  the  friction  of  the  spindle  of  the 
machine  and  of  the  air  against  the  vanes,  whilst  in  variable  motion  he 
had  neglected  this  friction  in  order  to  simplify  the  formula.  Accord- 
ingly, in  equation  (1)  not  only  were  a-^  and  «._>  equal  to  zero,  but  also 
«o  and  ^1,  whilst  on  the  other  hand,  '2b ^  was  equal  to  r..,  so  that  the 
equation  was  reduced  to  : — 

~=-c.^'V+c.r^ (2) 

And  he  had  solved  that  equation.  Mr.  Chree's  paper  should  be 
referred  to*  to  see  how  the  equation  (1)  miglit  be  solved,  more  particularly 
in  some  simple  cases  that  were  laid  down. 

At  the  end  of  his  remarks,  Mr.  Chree  pointed  out  with  much  reason 
that  the  term  "  hydrometer  "  was  an  objectionable  one.  This  word  was  but 
little  employed  in  France,  and  he  had  borrowed  it  from  German  authors. 

Mr.  Dines  had  studied  extensively  not  only  the  anemometer,  but  also 
the  Pitot  tube,  to  which  he  had  given  a  new  shape  for  measurement  of 
the  velocity  of  the  wind.      In  this  form,  the  straight  tube  surrounded 

*  The  London,  Edinburgh  and  Dublin  Philosophical  Magazine,  1895,  vol.  xl., 
pagea  63  to  90. 
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the  Pitot  tube,  properly  speaking.  Mr.  Dines  stated  that  with  this 
arrangement  the  influence  of  variations  in  the  direction  of  the  wind 
were  much  less  noticeable.  This  result  was  interesting,  but  the  instru- 
ment must  be  graduated  experimentally ;  that  is  to  say,  that,  like  the  Darcy 
instrument,  it  did  not  admit  of  the  direct  measurement  of  the  velocity  in 
absolute  terras.  The  case  was  different  for  a  straight  tube  protected 
with  a  guard-plate.  In  the  latter  case,  it  was  certainly  necessary  to 
place  the  guard-plate  parallel  to  the  direction  of  the  current :  but  once 
this  was  done  (and  it  was  relatively  an  easy  mattei-),  the  pressure  in  the 
tube  became  equal  to  the  static  pressure  of  the  fluid,  so  that  the  Pitot 
tube  recorded  the  dynamic  pressure  corresponding  to  the  velocity.  ^Mr. 
Dines  also  pointed  out  with  reference  to  his  (Prof.  Kateau's)  experiments 
on  an  anemometer,  which  was  caused  to  oscillate  before  two  currents  of 
air  side  by  side,  that  this  oscillation  might  disturb  the  measurements  by 
producing  obliquity  of  the  air-currents  towards  the  axis  of  the  apparatus. 
This  criticism  had  not  escaped  him  (Prof.  Eateau),  and  if  he  had  not 
spoken  of  it  in  his  paper,  it  was  liecause  it  appeared  to  him  that  the 
disturbance  thus  produced  would  be  negligible,  or  at  any  rate 
unimportant  compared  to  the  result  proved  by  the  experiments.  In  his 
experiments,  the  pendulum  beat  in  |  second  and  the  amplitude  of  its 
oscillation  was  about  4*72  inches  (12  centimetres),  giving  a  mean 
velocity  of  1  foot  {0-32  metre)  per  second.  This  was  but  feeble, 
compared  to  the  velocity  of  the  air-current,  which  amounted  to  nearly 
02  feet  (19  metres)  per  second.  Finally,  Mr.  Dines  did  not  agree  with 
his  (Prof.  Rateau's)  opinion  as  regarded  the  air  dragged  round  by  the 
arm  of  the  testing-machine  in  the  operation  of  calibrating  the 
anemometer.  "Without  denying  that  there  was  some  action  of  this  kind 
even  with  a  very  thin  arm  l^rought  to  a  feather-edge,  he  (Prof.  Rateau) 
nevertheless  persisted  in  stating  that  the  correction  to  be  made  under 
this  head  had  been  greatly  exaggerated. 

^Ir.  W.  H.  Dines,  (Leatherhead)  wrote  that  he  had  no  furthei- 
comment  to  make  on  Mr.  Rateau's  reply,  excepting  that  for  the  actual 
velocities  that  Prof.  Rateau  had  stated  in  the  case  of  the  anemometer 
swinging  in  the  air-current,  he  thought  that  the  error  due  to  the  oblique 
impact  must  be  inappreciable.  He  still  thought  that  the  error  due  to 
the  so  called  mit-wind,  when  anemoneters  were  tested  indoors,  rendered 
the  final  result  uncertain  to  the  extent  of  2  or  3  per  cent. 

Mr.    Charle;^     Chrer    (Richmond,    Surrey;    wrote    that    whilst 
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appreciating  Prof.  Rateau's  kind  references  to  his  paper  in  the 
Philo!<ophicc(l  Ma(/azine,  he  felt  nncertain  whether  its  relationship  to  the 
problem  at  issue  was  not  somewhat  obscurely  stated.  It  was  quite  true 
that  the  Woltmann  mill  and  the  Robinson  cup-anemometer  were  in 
many  respects  unlike,  but  it  so  happened  that  the  equation  obtained  by 
Prof.  Rateau  for  the  "Woltmann  mill  was  a  special  form  of  the 
general  equation  (1)  which  he  (Mr.  Chree)  had  applied  to  the  Robinson 
cup-anemometer.  In  two  of  the  simplified  forms  of  (1)  for  which  he 
(Mr.  Chree)  had  obtained  solutions,  the  hypothesis  that  the  co-efficient 
«o  was  zero  was  actually  made.  Whether  the  co-efficient  r/j  vanished  or 
not  was  immaterial  so  far  as  the  form  of  the  solution  was  concerned ; 
the  simplification  could  be  introduced  immediately  in  the  final  solution. 
He  did  not  follow  Prof.  Rateau's  explanation  of  the  apparent  contra- 
diction between  his  (Prof.  Rateau's)  formula)  for  steady  and  variable 
motion.  Unless  the  friction  of  the  spindle,  etc.,  recognized  as  existent 
in  the  one  case,  really  ceased  to  exist  in  the  other,  the  omission  of 
frictional  terms  was  not  satisfactory  from  a  physical  standpoint.  Any 
simplification  of  mathematical  formula,  which  was  of  the  nature  of 
a  concession  extorted  by  mathematical  difficulties,  necessarily  affected 
the  acauracy  of  the  solution.  Prof.  Rateau  might  of  course  have 
excellent  reasons  for  believing  that  the  omission  was  under  normal  con- 
ditions of  little  practical  importance,  and  such  might  be  the  case.  At 
the  same  time,  it  was  probable  that  friction  was  more  important  in  some 
instruments,  and  in  some  forms  of  variable  motion  than  in  others. 


Mr.  Cl.vrence  R.  ClagIiorn  read  the  following  "  Description  of  Pre- 
sent and  Proposed  Methods  of  Operating  Yinton  No.  8  Colliery 
Yintondale,  Pennsylvania,  U.S.A."  :  — 
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DESCRIPTIOX  OF  PRESENT  AND  PROPOSED  METHODS  OF 
OPERATING  VINTON  No.  3  COLLIERY,  VINTONDALE, 
PENNSYLVANIA,  U.S.A. 


Bv  CLARENCE  R.  CLAGHORN. 


On  the  eastern  portion  of  the  estate  of  the  Yinton  Colliery  Company, 
the  main  workable  seam  of  coal,  locally  known  as  the  "  Miller  "  seam,  is 
above  the  water-level  of  the  main-drainage.  The  topography  of  this 
portion  is  rugged  and  mountainous,  and  under  one  large  hill  is  an 
isolated  field  of  coal,  the  seam  outcropping  completely  around  the  base 
of  the  hill  (Fig.  1,  Plate  XVII.).  This  oval-shaped  field  contains  about 
550  acres  of  coal,  being  about  8,000  feet  long  and  3,000  feet  wide.  The 
main  rise  of  the  coal-seam  is  7  per  cent,  in  the  direction  of  the  longer 
axis  of  the  field. 

The  seam  averages  4  feet  in  thickness  (3  feet  8  inches  to  4  feet  2 
inches),  and  is  clean  and  free  from  partings  of  all  kinds.  The  floor 
is  of  hard  fire-clay,  gradually  changing  as  the  depth  increases  to  sandy 
shale.  The  roof  is  of  blue  metal,  changing  to  a  sandy  shale.  The 
lower  2  to  3  feet  is  quite  hard  and  strong,  stands  weathering  very 
well,  and  contains  some  small  ironstone-nodules  or  balls.  Above  this 
hard  shell,  the  roof-stone  becomes  more  and  more  shelly  and  brittle, 
until  it  passes  at  15  to  18  feet  above  the  coal  into  a  shaly  sandrock. 

The  top  of  the  hill  under  which  this  field  of  coal  lies,  is  underlain  by 
a  ledge  of  hard  sandrock,  which  has  protected  it  from  denudation  and 
formed  a  table-land.  The  average  cover  over  the  coal  under  this  flat- 
summit  is  nearly  175  feet.  In  this  interval  of  strata  are  two  seams  of 
coal  of  no  economic  importance  at  the  present  time,  being  either  too 
thin  or  too  dirty  in  quality  to  be  considered  workable. 

The  Miller  seam  coal,  in  structure,  as  developed  at  the  Nos.  1  and  2 
collieries  in  adjoining  areas,  is  a  medium  soft  coal,  without  very  well 
marked  cleavage  ;  that  is,  the  butts  and  faces,  while  they  can  be 
seen  upon  examination,  are  short  and  very  difficult  to  distinguish  one 
from  the  other,  and  have  very  little  bearing  upon  the  direction  of  the 
minincf-face. 
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The  roof  does  not  carry  any  well  marked  cracks  or  breaks,  but  such 
few  as  do  occur  come  in  from  almost  any  direction.  As  remarked 
before,  the  lower  2  to  3  feet  of  the  roof  is  hard  and  easily  supported 
by  simple  post  and  cap  (lid).  When  this  hard  portion  is  brushed 
down,  as  has  been  frequently  done  in  some  main  haulways,  the  best  of 
the  roof  is  gone  and  posting  (timbering)  with  cross-bars  under  shelly 
places  must  frequently  be  resorted  to.  In  drawing  (removing)  pillars, 
there  has  been  but  little  trouble  in  controlling  the  roof,  whether  under- 
cutting by  hand  or  machine.  The  Jeffrey  chain-breast  machine  now 
used  in  Nos.  1  and  2  collieries  requires  a  greater  space  for  its  operation 
between  the  face  and  the  posts  than  allows  the  attacking  of  the  pillars 
as  they  should  be  attacked ;  i.e.,  on  end,  and  considerable  risk  is  at 
times  run  in  drawing  pillars  with  these  machines. 

The  Xo.  3  colliery  is  being  developed  in  the  field  of  coal  before 
referred  to,  and  the  writer  proposes  to  exploit  the  coal  on  a  "  modified 
longwall  retreating  system." 

The  main  opening,  a  drift,  has  been  made  at  the  lower  end  of  the 
field  very  nearly  in  line  with  its  longer  axis  (Figs.  1  and  2,  Plate  XVIL). 
The  outcropping  of  the  coal  here  happens  fortunately  to  be  just  about 
the  right  height,  above  the  railroad  side-tracks  which  were  already  con- 
structed, to  allow  of  excellent  surface-arrangements.  The  main  heading 
or  haulway  is  being  driven  directly  up  the  pitch  or  rise  of  the  coal 
(7  per  cent.)  and  will  lie  closely  on  the  longer  axis  of  the  field,  spHtting 
it  in  half  and  leaving  approximately  1,500  feet  of  solid  coal  on  each  side. 

On  reaching  the  solid  coal  with  this  main  heading,  two  cross- 
headings  (a  fore  and  a  back)  are  turned  on  each  side,  and  they  are  driven 
on  slightly  ascending  grades  of  about  1  per  cent,  toward  the  outcrop  of 
the  seam.  At  intervals  of  300  feet  along  the  main  heading,  similar  pairs 
of  cross-headings  are  again  driven  on  the  same  easy  grades  in  practically 
parallel  directions.  Longwall  faces  will  be  opened  between  adjoining 
pairs  of  cross-headings  upon  reaching  the  outcrop,  and  thus  be  300  feet 
long.  These  longwall  faces  will  be  opened  by  turning  up  the  pitch,  and 
parallel  to  the  main  heading,  a  wide  room  or  stall,  say  40  to  .50  feet 
wide,  which  will  be  driven  until  it  cuts  through  into  the  next  cross- 
heading,  300  feet  above.  The  inner  ril)  of  this  wide  room  will  constitute 
the  first  longwall  face.  The  wide  stall  having  been  cut  through  into  the 
heading  above  and  the  advancing  workings  in  the  solid  coal  beyond  being 
otherwise  ready,  the  coal  will  be  attacked  in  the  rib  of  this  wide  room 
and  withdrawn  in  one  300  feet  face,  between  cross-heading  and  cross- 
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heading',  towards  the  main-heading.  It  is  probable  that  the  faces  will  be 
stopped  within  50  to  75  feet  of  the  main-heading,  leaving  this  width  of 
coal  as  a  barrier  or  pillar  on  each  side,  as  a  protection  for  the  main- 
haulway  and  return  air-course.  It  is  the  intention  to  open  the  first 
faces  as  far  as  possible,  on  the  neutral  line  of  the  pitch,  so  that  the 
pressure  due  to  the  pitch  will  be  neither  on  the  face  nor  on  the  gob.  It 
is  quite  probable  that  experience  will  show  that  the  coal  and  roof  will 
both  work  better  if  the  direction  of  the  faces  be  inclined  away  from  this 
neutral  line  in  either  one  or  the  other  direction  and  more  or  less  weight 
of  the  roof  thrown  on  the  coal-face  of  the  gob  (Fig.  2,  Plate  XVII.). 

Three  hundred  feet  of  face  undercut  5  feet  deep  in  this  coal  will 
make  approximately  200  tons.  For  the  present,  the  output  will  be 
limited  to  l,2(io  tons  from  the  longwall  faces  and  300  tons  from  the  work- 
ings advancing  in  the  whole  coal,  per  single  shift,  so  that  not  more  than 
six  longwall  faces  will  be  required  at  one  time,  although  two  or  more 
extra  faces  will  be  developed  and  held  in  readiness  for  working  in  regular 
turn,  in  which  to  place  the  men  in  case  of  any  emergency. 

The  greatest  difficulty  is  anticipated  in  obtaining  the  first  fall  of 
roof,  and  it  is  the  intention  to  Ije  esjjecially  guarded  and  prepared  for 
this.  In  driving  up  the  wide  rooms  or  stalls,  £',  (Fig.  2)  preparatory  to 
opening  the  faces,  a  roadway  is  carried  along  each  rib,  posting  the  stall 
in  the  usual  manner.  Upon  the  completion  of  this  stall,  the  longwall 
face  then  being  ready,  the  longwall  post  rows  of  timber  will  be  set  along 
the  inner  rib  of  the  room  or  stall,  and  the  old  stall  posting  withdrawn. 
The  first  few  feet  of  roof  will  be  hard  to  break.  In  drawing  pillars,  it 
frequently  bends  down  for  considerable  distances  before  breaking,  while  on 
the  other  hand  when  once  broken  the  shelly  strata  above  will  keep  it 
broken  off  close  up  to  the  post  rows  and  the  hard  portion  or  shell 
immediately  over  the  coal  makes  an  excellent  stone  to  post  to.  On  the 
first  face,  if  a  fall  does  not  come  naturally  when  the  face  has  advanced 
far  enough  to  warrant  it,  shooting  the  roof  will  be  resorted  to  by  putting 
a  series  of  drill-holes  in  the  hard  shell  immediately  over  the  coal  with 
compressed-air  drills,  and  firing  all,  or  a  certain  number,  at  once  by 
means  of  an  electric  battery.  In  all  subsequent  work,  if  the  roof  hangs 
beyond  the  limit  of  safety,  the  same  method  of  shooting  will  be  adopted 
in  order  to  bring  the  roof  down  and  make  the  face  safe. 

Development-work  in  driving  the  headings,  both  main  and  cross,  is 
already  well  advanced.  It  is  the  intention  to  undercut  entirely  by 
machinery,  and  to  that  end  a  plant  has  been  laid  down  using  com- 
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pressed-air  as  a  motive-power.  At  present,  there  is  installed  a  Norwalk 
compressor,  having  compound  air-cylinders,  with  a  capacity  of  operating 
12  Sullivan  reciprocating  pick-machines.  The  headings  are  all  driven  by 
these  machmes,  and  up  to  the  present  time  not  a  pick  has  been  swung 
in  the  colliery  since  coal  was  struck. 

At  Nos.  1  and  2  collieries,  which  are  developed  entirely  on  the  room- 
and-pillar  system,  an  electric  plant  for  both  haulage  and  undercutting 
has  been  operated  for  four  years,  using  Jeffrey  electric  locomotives 
for  main  haulage,  home-built  electric-rope  hauls  for  secondary  haulage, 
and  the  Jeffrey  chain-breast  machine  for  undercutting  ;  and  entire 
satisfaction  has  been  felt  with  the  plant.  The  only  pick-work  or  hand- 
hewing  done  in  these  two  collieries  has  been  to  drive  narrow  headings  for 
haulways  where  bottom  has  to  be  lifted  to  obtain  height,  and  where  it 
would  not  be  convenient  to  raise  the  machines  up  on  this  bottom  bench ; 
and  also  in  a  certain  amount  of  pillar-withdrawing  or  robbing.  Hand- 
mined  coal  usually  amounts  to  about  (5  per  cent,  of  the  entire  product. 

While  No.  3  colliery  is  not  far  distant  from  Nos.  1  or  2  collieries,  an 
electric  plant  was  not  laid  down  in  this  case,  because  of  the  relative  first 
cost,  as  entirely  new  machinery  would  have  been  required  at  the  main- 
power  plant,  the  present  demands  upon  which  have  about  equalled  its 
capacity,  and  because  the  chain-breast  machine  is  not  at  all  adapted  to 
long  wall  work,  requiring  as  it  does  from  8  to  10  feet  of  clear  space 
from  post  to  face.  The  electrically-driven  longwall  machine  is  practically 
unknown  in  this  country,  and  its  records  remain  yet  to  be  established. 

The  pick  or  percussion-machine  requires,  of  course,  a  certain  amount 
of  clear  space  in  which  to  set  the  board  on  which  it  operates,  but  this 
board  can  be  set  between  the  props,  and  the  machine  can  be  successfully 
worked  in  and  around  timber,  ordinarily  in  the  way  of  other  machines. 
It  is  also  much  less  expensive,  costing  not  over  £45  ($225),  and  should 
one  inadvertently  be  caught,  less  damage  is  Hable  to  be  done,  and  the 
investment  is  not  so  great.  The  writer's  experience  in  room-and-pillar 
work  is  that  pick-machines  will  not  cut  as  much  coal  by  40  per  cent, 
as  chain-breast  machines,  and  are,  therefore,  proportionately  more 
expensive  to  operate  in  labour  costs.  He  had  not  gone  so  far  as  to  be  able 
to  compare  the  cost  of  repairs  per  ton  for  the  two  classes  of  machines, 
as  the  compressed-air  machines  are  yet  new  and  the  electric  machines 
upwards  of  four  years  old.  In  this  connexion  it  might  be  said  that  the 
use  of  pick-machines  in  longwall  work  is  merely  experimental  and 
tentative  until  the  writer  has  sounded  and  tested  the  local  conditions, 
etc.,  and  found  how  best  to  control  them,  after  which  he  will  probably 
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install  at  No.  3  colliery  air-driveu  longwall  machines  for  use  exclusively 
on  the  faces,  the  pick-machines  then  being  kept  in  the  advancing 
workings. 

The  lie  of  the  coal,  taken  together  with  the  foregoing  system  of 
working,  affords  means  of  developing  a  somewhat  novel  system  of  under- 
ground transportation.  In  machine-work,  where  everything  is  pretty 
much  all  loading  or  filling,  and  a  tonnage  basis  of  payment  is  in  force, 
pit-wagons  must  come  and  go  rapidly  so  as  to  admit  of  the  fillers  making 
a  good  wage.  The  men  often  laughingly  remark  that  they  have  to  "  fill 
and  fill  until  the  shovels  get  red-hot."  And  therein  lies  one  of  the  great 
disadvantages  of  pillar-and-stall  work,  where  the  tedious  movement  of 
pit-wagons  to  and  from  the  faces  of  the  stalls,  often  very  long,  causes 
loss  of  time,  and  is  a  source  of  complaint  on  the  part  of  the  men. 

It  has  been  remarked  that  the  main  haulway  is  driven  directly  up 
a  7  per  cent.  rise.  A  twin  cylinder,  single  friction  drum,  rope-haulage 
engine,  fitted  with  powerful  friction-brakes  and  reverse  levers,  is  used  on 
this  haulway.  This  engine  is  located  outside,  some  150  feet  from  the 
drift-mouth,  in  line  with  "one  side  of  the  heading.  The  haulage-rope 
is  led  from  the  drum  and  carried  overhead,  along  the  side  of  the 
main  haulway,  which  is  as  straight  as  driving  by  sights  can  make  it, 
to  near  the  haulway-face,  where  it  passes  around  a  large  and  strong 
return-sheave  set  in  a  suitable  frame,  and  thence  back  along  the  middle 
of  the  haulway-track.  This  return-sheave  is  moved  forward  as  the  face 
of  the  main-heading  advances,  mechanical  haulage  being  thus  maintained 
close  to  the  face.  The  rope  is  carried  ont-bye  along  the  side  of  the 
heading  on  self-oiling  sheaves,  and  back  in  the  middle  of  the  track 
on  cast-iron  rollers.  The  grades  are  quite  sufficient  for  the  loaded 
trip  to  pull  the  rope  off  the  drum,  being  always  kept  under  control 
by  means  of  the  reverse  levers  or  brake,  while  the  engines  are  used 
to  pull  the  empty  trip  up  the  grade  into  the  mine.  The  system  is 
thus  a  modification  of  a  simple  engine-plane.  Similar  plants  on  a 
smaller  scale  are  in  use  at  the  other  collieries  for  secondary  haulage, 
and  great  satisfaction  has  been  derived  from  their  operation. 

As  before  indicated,  each  face  will  produce  about  200  tons  per 
shift,  and  15  men  will  be  required  to  fill  this  coal  in  from  8  to  10 
hours,  each  man  filling  13  wagons.  On  the  main-rope  haulage,  it  is 
proposed  to  run  trips  of  50  wagons,  lo  wagons  beicg  destined  for  each 
of  three  longwall  faces  and  5  wagons  for  the  workings  advancing  into 
the  solid  coal.     Electric-bell  signals  have  been  installed  in  the  main 


90  METHODS   OF   OPEEATING    VINTOX   OOLLIEllY. 

haulway,  and  by  using  the  220  volts  power-circuit  from  No.  1  power- 
station,  signals  are  both  rung  and  flashed  (by  means  of  incandescent 
lamps)  in  the  engine-room. 

In  serving  the  longwall  faces  with  their  quota  of  pit-wagons,  the 
lower  heading  of  each  pair  of  cross-headings  will  be  used  as  the  haulway 
for  the  empty  pit-wagons  destined  for  the  longwall  face  next  below  it, 
while  the  upper  heading  of  the  pair  will  be  used  as  a  haulway  for  the 
loaded  wagons  coming  from  the  longwall  face  next  above  it. 

Throughout  this  entire  section,  animal  haulage  is  performed  entirely 
by  mules,  these  being  found  stronger  and  hardier  than  horses  or  ponies, 
and  better  able  to  stand  the  rough  usage  of  the  mines.  They  soon 
become  accustomed  to  mine  work  and  to  their  own  particular  duties. 
If  handled  properly  they  make  most  efficient  animals  for  underground 
haulage.  Those  used  in  these  collieries  stand  54  inches  high,  and 
weigh  nearly  850  pounds. 

As  all  cross-headings  will  seek  and  be  driven  on  easy  grades  favouring 
the  loaded  wagons,  it  is  not  felt  that  the  tonnage  of  coal  coming  from 
each  of  the  lougwall-faces  will  warrant  the  laying  down  of  any  system 
of  secondary  mechanical  haulage  on  the  cross-headings.  At  least  one 
attendant  will  be  necessary  on  each  pair  of  cross-headings,  and  it  is 
deemed  advisable,  for  the  present  at  least,  to  depend  upon  animal 
haulage  rather  than  instal  a  rope  or  motor. 

The  coal-seam  being  but  4  feet  high,  it  is  necessary  to  lift  18  inches 
to  2  feet  of  bottom  in  order  to  lay  more  or  less  permanent  tracks  for 
tram-roads  in  the  cross-headings  and  to  obtain  sufficient  height.  No 
bottom  will  be  taken  up  along  the  longwall-faces,  where  sections  of 
track  will  be  laid  directly  on  the  floor  of  the  coal,  the  rails  being  bridled 
and  braced  together,  so  that  they  may  be  easily  shifted  with  the 
advancing  face. 

On  the  main-heading,  a  substantial  road  is  being  laid,  using  steel 
rails  weighing  40  pounds  per  yard.  In  all  other  tracks,  throughout  the 
colliery,  a  lighter  section  of  rail  is  used,  weighing  12  pounds  per  yard, 
the  lightest  section  which  experience  shows  to  be  sufficiently  stiff  to 
stand  up  under  the  loaded  pit-wagons. 

When  a  trip  of  15  coupled  wagons  is  delivered  to  the  lower  one  of  a 
pair  of  cross -headings  by  the  main  haulage-rope,  the  mule-driver  on  this 
heading  will  haul  them  at  once  to  the  turn  of  the  longwall-face,  where 
they  will  remain  until  required  along  the  face,  or  when  the  trip  of  15 
wagons  distributed  along  the  face  and  being  loaded  is  ready  to  be 
dropped  to  the  upper  of  the  pair  of  cross-headings  at  the  other  end  of 
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the  face.  The  loaded  trip  when  so  dropped  out  on  the  heading  will  be 
hauled  by  the  driver  of  this  pair  of  headings  to  the  main  entry  parting, 
ready  to  be  picked  up  by  the  main  haulage-rope  and  delivered  at  the 
bank.  The  pit-wagons  will  thus  make  a  complete  circle  around  the  long- 
wall-face  and  when  loaded  will  always  move  down  grade  in  the  direction 
of  gravity.  It  would  appear  that,  with  this  arrangement,  there  being 
no  reverse  movement  of  the  wagons,  it  will  be  possible  to  place  the 
greatest  number  of  wagons  along  the  face,  to  be  filled  with  the  utmost 
system  and  regularity  and  least  labour'  and  confusion. 

By  means  of  a  cross-over  tippler  and  a  circle  of  track  at  the  tipple, 
the  door-ends  of  the  wagons  will  always  be  kept  in  the  right  direction. 
The  drivers  attending  the  cross-headings,  it  can  be  seen,  will  thus 
draw  the  loaded  trips  of  wagons  down  the  light  grades  of  one  heading, 
returning  with  the  empty  trips  of  wagons  on  the  adjoining  heading, 
without  loss  of  time,  and  will  be  enabled  to  pass  from  one  heading  to  the 
other  by  means  of  cross-cuts  located  at  convenient  intervals.  Each 
driver  will  handle,  with  one  animal,  200  tons  per  day  with  ease  at  a  cost 
of  |d.  (1'5  cents)  per  ton,  while  prices  are  as  at  present  for  labour  and 
upkeep  of  live  stock. 

Some  difficulty  has  been  foreseen  in  handling  the  pit-wagons  on  the 
comparatively  heavy  grades  of  the  faces.  If  the  brakes  be  set  or  all 
four  wheels  of  the  wagons  be  spragged,  it  is  quite  possible  for  them 
to  run  away  on  the  iron  tracks,  especially  when  loaded.  It  might  be 
possible  to  hold  the  wagons  in  position  during  filling  by  means  of 
blocks  placed  under  the  wheels  or  some  such  device,  but  it  would  be 
impossible  to  move  them  from  place  to  place  by  hand  or  to  drop  them 
to  the  loaded  heading  at  the  lower  end  of  the  faces.  Inevitably  there 
would  be  a  runaway  with  consequent  damage  to  wagons,  props  knocked 
out,  roof  let  down  and  possible  injury  to  life  or  limb.  To  obviate  this, 
and  to  pL'operly  control  the  movement  of  the  wagons  along  the  face, 
small  and  simple  devices  have  been  constructed  consisting  of  a  small 
cast-iron  drum  fitLed  with  a  friction-brake,  mounted  in  a  timber  frame, 
set  on  skids  and  held  in  position  by  means  of  a  chain  attached  to  a  post. 
This  drum  holds  300  feet  of  ^  inch  wire-rope  fitted  at  the  loose  end 
with  an  open  socket-and-link.  This  apphance  will  be  moved  forward 
with  the  face,  and  is  kept  in  position  in  line  with  it.  The  trip  of 
wagons  will  be  left  coupled  and  while  passing  around  the  curve,  from  the 
cross-heading  to  the  face,  the  rope  will  be  attached  to  the  end  car,  and 
by  the  application  of  the  drum-brake  the  wagons  will  always  be  under 
perfect  control  and  the  whole  trip   can  be  dropped  past  the  face  or 
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Stopped  and  held  at  auy  point  at  will.  After  the  wagons  have  been 
filled  with  coal  and  dropped  to  the  loaded  cross-headings,  the  wire-rope 
will  be  rewound  on  the  drum  by  means  of  a  crank-handle  on  one  end  of 
the  drum-axle  and  thus  be  ready  to  attach  to  the  next  trip  of  wagons. 

It  is  the  usual  custom  throughout  this  district  to  pay  a  stipulated 
price  per  ton,  known  as  the  district  price,  for  all  work  connected  with 
the  hewing,  getting  and  filling  of  the  coal ;  the  work  of  the  hewer, 
getter  and  filler  being  performed  by  one  person.  The  miner  in  addition 
to  performing  these  operations  furnishes  his  own  powder  and  supplies  as 
well  as  tools,  and  often  trams  his  wagons  to  and  from  the  face,  lays  the 
room-track,  sets  the  posts,  and  generally  cares  for  the  place  in  which  he 
works,  under  the  supervision  of  a  certificated  mine-foreman.  Where 
machine  undercutting  is  practised,  the  only  difference  made  in  the 
payment  is  that,  the  coal  being  undercut  for  the  miner,  he  is  paid  a  less 
price  per  ton  for  his  work,  generally  |  or  §  of  the  pick-price,  and  he 
continues  to  get  and  fill  the  coal  as  well  as  care  for  his  place  as  in  hand- 
work. 

The  practice  at  No.  3  colliery  will  be  to  undercut  and  get  the  coal 
and  care  for  the  face  by  separate  arrangement.  Thus  the  most 
experienced  and  capable  men  in  these  operations  can  be  employed. 
Fillers  will  only  need  a  pick  and  shovel  apiece,  and  each  man  can 
regulate  his  pace  to  suit  himself,  so  long  as  he  does  not  delay  the  general 
progress,  and  no  one  man  can  claim  preference  to  any  coal  by  reason  of 
having  got  it  down.  Were  the  getting  and  filling  to  be  combined, 
each  man  would  be  required  to  possess  his  shooting  tools,  including 
auger,  scraper,  tamping-bar  and  needle,  as  well  as  powder,  squibs,  paper 
and  cartridge-stick.     The  resulting  confusion  can  be  readily  imagined. 

Tonnage  prices  throughout  the  district  are  quite  well  established  by 
custom,  and  are  based  entirely  on  the  conditions  ol:)taining  in  room-and- 
pillar  work.  Any  innovation  as  to  method  is  looked  upon  askance  by 
the  workmen,  if  these  customary  prices  are  likely  to  be  affected.  It  has 
been  necessary  to  move  slowly  in  the  matter  of  fixing  compensation  for 
the  workmen,  not  wishing  to  give  away  entirely  such  advantages  as 
come  from  a  successful  change  of  methods. 

Among  the  advantages  foreseen  under  the  proposed  system  might  be 
enumerated  : — 

(a)  The  work  will  be  concentrated  and  the  filler  stimulated  by 
personal  competition. 
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{b)  The  pit-wagons  will  circulate  immediately  at  the  face  and  will  be 
loaded  "side  on,"  a  very  great  advantage. 

(c)  No  coal  will  have  to  be  handled  twice  to  till  in  a  wagon,  as  almost 
always  happens  in  room-and-pillar  work. 

{d)  No  tramming,  in  general,  will  be  required,  as  one  or  two  of  the 
face-men  will  attend  to  the  control  of  the  trip  of  wagons  along  the  face 
by  means  of  the  drum  before  mentioned.  This  in  itself  is  of  the  greatest 
advantage,  as  tramming  the  wagons  to  and  from  the  faces  of  the  room  is 
a  source  of  lost  time  and  of  discontent. 

(e)  If  the  roof  be  properly  controlled,  less  labour  and  explosives  will 
be  required  in  getting  the  coal  than  in  room-work. 

(/)  The  filler  will  not  be  compelled  to  lay  track  and  post  his  place. 

The  class  of  labour  now  found  throughout  the  coal-mining  section  of 
this  country  is  much  inferior  to  that  of  10  or  15  years  ago.  It  is  fully 
()i>  per  cent.  non-English  speaking,  and  but  a  small  portion  of  the  men 
ever  saw  a  coal-mine  before  landing  in  the  States.  Not  a  few  are  utterly 
unfitted  to  be  left  to  work  alone  in  the  mines.  As  we  are  obliged  to  do 
the  best  that  we  can  under  the  circumstances,  it  is  necessary  to  take  the 
material  at  hand  and  work  it  to  the  best  advantage,  and  it  is  the  general 
opinion  that  the  labour  we  have,  under  the  guidance  of  competent  leaders, 
will  do  better  on  longwall  than  room-and-pillar  work. 

The  colliery  pit-wagons  weigh  1,300  pounds  when  empty,  and  carry 
from  2,000  to  3,000  pounds  of  coal,  the  gross  weight  being  thus  3,300 
to  4,300  pounds.  They  are  9  feet  long,  over  all,  but  cover  10  feet  of 
track  when  the  coupling-links  are  stretched.  They  are  48  inches  wide  at 
the  extreme  flare  of  the  sides  and  stand  25^  inches  above  the  rail  at  the 
top  of  the  door-rod.  The  wheels  are  of  self-oiling  pattern,  waste-packed, 
and  run  loose  on  the  axles.  They  are  16  inches  in  diameter,  and  weigh 
85  pounds  each.  The  wheel-base  is  26  inches,  and  it  enables  the  wagons 
to  pass  around  quite  sharp  curves.  The  gauge  of  the  track  is  36  inches 
while  the  gauge  of  the  wheels  is  355-  inches.  The  sides  and  bottom  of 
the  wagons  are  constructed  of  white-oak  planking,  bound  together  by  four 
iron  bands  or  "binders."  The  front  end  of  the  wagon  is  fitted  with  a 
gate  through  which  the  coal  is  emptied  when  dumped,  and  each  is  provided 
with  a  brake  sufficient  in  power  to  skid  all  four  wheels. 

With  the  exception  of  the  main-heading,  all  the  headings  are  what 
are  locally  known  as  "  gob-headings,"  that  is,  the  coal  is  taken  a  little 
wider  than  the  width  actually  required  for  the  passage-way,  in  order  to 
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provide  space  in  which  to  stoAv  the  liottom  fire-clay  lifted  for  height  in 
the  roadways.  Double  rows  of  posts  are  set  on  the  gob-side  of  such 
headings  to  make  all  secure.  The  main-heading  rocks  are  loaded  out, 
making  neater  and  tighter  but  more  expensive  work. 

The  compressed-air  pipes  are  carried  near  the  roof  on  one  side  of  the 
roadway.  The  main  line,  4  inches  in  diameter,  is  carried  along  the  main 
back-heading.  Toes  are  placed  in  this  line  at  the  junction  of  one  pair  of 
cross-headings,  and  mains  i'  inches  in  diameter,  are  carried  to  the  face. 
A  line  of  1^  inches  pipe,  with  tees  and  cocks  at  intervals  of  50  feet,  will 
be  carried  along  the  longwall-faces,  from  which  the  machines  will  draw 
their  air.  The  connexion  of  the  1^  inches  face-pipes  with  the  2  inches 
cross-heading  pipes  will  be  made  with  10  feet  of  air-hose,  affording  a 
flexible  connexion  and  admitting  of  the  face-pipe  being  shifted  with  the 
face  and  a  length  of  cross-heading  pipe  taken  out  at  one  time. 

Contours  on  the  floor  of  the  coal  vary  to  some  extent  as  might  be 
expected.  Hence  the  cross-headings  in  seeking  grades  will  approach  or 
recede  from  one  another,  making  the  longwall  faces  correspondingly 
longer  or  shorter  than  300  feet  as  planned  in  theory.  This  will  cause 
the  face-tracks  to  be  made  longer  or  shorter  to  correspond.  In  order  to 
do  away  with  all  pieces  of  short  rail,  a  flexible  connexion  will  be  made 
by  using  an  ordinary  tee-rail  turned  upside  down  and  laid  against  the 
outside  of  the  track-rails  so  that  the  flange  of  the  reversed  rail  fits  over 
the  ball  or  head  of  the  other,  thus  making  a  sliding  or  flexible  joint,  the 
whole  when  in  position  being  held  by  iron  bridles  with  wooden  wedges. 

The  surface  arrangements  including  the  bank-house  or  "  tipple  "  (as 
the  structure  contains  the  weigh-scales,  tippler  and  chutes  is  known  in 
this  country)  possesses  some  unique  features. 

From  the  drift-mouth  to  the  tipple,  all  landing  and  yard-tracks  have 
a  descending  grade  of  2  per  cent,  in  favour  of  the  loaded  wagons.  On 
this  grade,  with  tracks  laid  of  40  pounds  rails,  wagons  will  quickly  start 
themselves  from  rest.  The  tippler  is  of  the  cross-over  type.  The  wheels 
of  the  on-coming  wagon,  just  before  reaching  the  main-frame  of  the  tippler, 
strike  and  depress  a  hinged  section  of  rail  which,  by  means  of  toggle- 
rods  and  levers,  opens  out  the  tip-horns,  allowing  the  empty  wagon 
which  has  just  been  dumped  to  run  forward  over  the  head  of  the  chute 
on  the  fore-rails.  The  loaded  car  continuing  forward  by  gravity  passes 
off  the  hinged-section  of  rail  which  by  means  of  springs  is  returned  to  its 
position,  bringing  back  the  tip-horns  in  time  to  catch  the  loaded  wagon 
and  hold  it  in  position  during  the  dumping  operation.     The  rear  end  of 
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the  tippler  is  fitted  with  a  powerful  brake  operating  on  a  sword,  by 
means  of  which  the  movement  of  the  tippler  can  be  regulated  and  con- 
trolled at  will. 

The  position  of  the  wagon  on  the  tippler  is  such  that,  when  loaded, 
the  centre  of  gravity  is  over  the  rocker-arms  and  when  the  brake  is 
released  the  tippler  revolves  downward.  When  the  wagon  has  been 
emptied  of  its  coal,  the  rear  end  of  the  tippler  is  the  heavier  and  rocks 
back  into  position.  The  forward  end  of  the  tippler  is  provided  with 
eccentric  shoe-like  lugs  which  operate  the  short  section  of  rails  spanning 
the  chute-opening  and  known  as  the  fore  rails,  rolling  them  onward  when 
the  wagon  is  dumped  so  that,  being  wider  than  the  track-gauge,  it  can 
roll  downward  to  the  angle  required  to  spill  the  coal. 

Beyond  the  tippler,  the  empty  wagons  pass  by  gravity  over  2  per  cent, 
grades  for  200  feet,  and  thence  on  1^  per  cent,  grades  to  the  bottom 
of  the  collecting-pit,  which  is  accessible  to  the  main-haulage  rope. 

Immediately  back  of  the  tippler  are  located  a  pair  of  extra  heavy 
and  strong  safety-horns,  operated  by  a  foot-lever  placed  next  to  the 
levers  controlling  the  tippler.  At  the  back  of  the  safety-horns,  again,  is 
placed  a  set  of  standard  weigh-scales  in  such  a  position  that  when  a  trip 
of  wagons  is  landed  against  the  safety-horns  one  wagon  stands  exactly  on 
the  scale-platform. 

These  weigh-scales  are  fitted  with  the  ordinary  double  beam,  and 
have  in  addition  a  quick-weighing  attachment,  l)y  means  of  which 
weights  varying  within  10  cwts.  are  registered  on  a  dial.  On  one  beam 
the  standard  wagon-tare  is  registered,  while  on  the  other  the  beam-weight 
is  set  for  the  tare  of  the  standard  wagon.  If  a  wagon  weighs  more  than 
20  cwts.,  and  less  than  30  cwts.,  the  excess  over  20  cwts.  is  indicated 
on  the  dial  and  may  be  noted  by  the  attendant.  All  pit-wagons  must 
be  loaded  within  these  limits,  in  order  that  the  filler  may  obtain  a 
proper  credit :  no  wagons  containing  less  than  20  cwts.  of  coal  being 
credited,  nor  is  any  excess  over  30  cwts.  allowed. 

The  tipsman  regulates  the  tip-lever  with  his  left-hand,  records  the 
wagon-weights  and  check-numbers  with  his  right  hand,  and  operates 
the  safety-horns  with  his  foot.  A  man  and  boy  on  the  top  are  all  that 
are  required  to  handle  1,500  tons  per  day. 

Let  us  assume  that  a  loaded  trip  has  been  landed  by  the  haulage-rope 
against  the  safety-horns  and  is  thus  standing  on  a  2  per  cent,  grade. 
The  boy  begins  at  once  to  uncouple  the  wagons,  and  to  take  off  the  fillers' 
brass  tokens  or  checks  which  hang  on  convenient  ticket-hooks  on  the 
outside  of  the  wagons.     In  doing  this,  he  writes,  with  chalk,  each  check- 
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number  on  the  side  of  the  wagon  where  it  may  be  seen  by  the  tipsraan  as 
it  passes  him,  previously  rubbing  off  any  old  check-numbers  which  may 
be  thereon  with  a  piece  of  waste  or  cloth.  As  soon  as  the  first  car  or 
two  are  uncoupled  the  dumping  of  the  trip  of  loaded  wagons  can  begin. 

The  tipsman  opens  the  safety-horns  by  pressing  the  safety-horn  lever 
with  his  foot  and  a  loaded  wagon  runs  forward  by  gravity  on  to  the 
tippler,  replacing,  as  before  described,  the  empty  wagon  standing  thereon. 
While  this  wagon  is  being  dumped  (and  the  record  is  120  wagons  in  30 
minutes)  the  whole  loaded  trip  feeds  itself  forward  against  the  safety- 
horns  on  the  2  per  cent,  grade,  so  that  by  the  time  a  wagon  has  been 
emptied  of  its  coal  and  the  tippler  returned  to  position  another  wagon  is 
against  the  horns  ready  to  be  let  through.  A  simple  lock  prevents  the 
opening  of  the  safety-horns  unless  the  tippler  is  in  place. 

These  appliances  save  the  services  of  one  and  possibly  two  extra  men, 
and,  while  the  tipsman  must  keep  his  wits  constantly  about  him,  his 
work  is  comparatively  easy.  The  boy,  having  uncoupled  the  loaded 
wagons  and  noted  the  fillers'  check-numbers  thereon,  goes  over  to  the 
empty-track  side  and  couples  up  the  empty  wagons  as  they  come  together 
on  the  down-grade,  so  that  the  trip  of  empty  wagons  will  be  ready  when 
required  by  the  main -haulage  rope. 

No  explosive  or  noxious  gases  are  found  in  any  of  the  collieries  in 
this  section,  and  naked  lights  are  therefore  exclusively  used. 


Mr.  A.  L.  Steavensox  (Durham)  said  that  the  condition  of  the  coal- 
seam,  4  feet  thick,  was  extremely  favourable  and  probably  they  would  not 
find  anything  like  it  in  Great  Britain.  The  ironstone  of  Cleveland  had  ■ 
a  very  soft  shaly  roof  with  strong  freestone  above.  When  they  began 
working  in  Cleveland  in  1862  or  1863,  it  was  thought  that  the  ironstone 
would  bear  anyching,  and  they  began  with  walls  24  feet  long  and  bords 
12  to  15  feet  wide ;  but  the  soft  shale  fell  down  and  boxed  in  the  pillars. 
Was  the  room-and-pillar  system  referred  to  in  the  paper  the  same  as  the 
the  bord-and-pillar  system  r  The  wi'iter  referred  to  the  use  of  Sullivan 
pick-machines,  and  seemed  to  take  it  for  granted  that  the  members  knew 
all  about  them,  but  as  a  matter  of  fact  they  did  not  know  anything  about 
them.  Pick-machines  had  been  tried  in  this  country,  but  their  use  had 
been  abandoned  on  account  of  the  opposition  of  trade -unions  Nothing 
was  said  in  the  paper  as  to  the  price  paid  to  the  coal-hewer.  It 
was  stated  that  the  work  would  be  divided  between  the  coal -hewer  and 
filler  :  this  should  be  the  true  aim  of  mine-managers,  and  he  would  like  to 
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see  it  enforced  throughout  this  country.     He  asked  whether  the  barrier, 
left  to  maintain  the  roads,  was  recovered. 

Mr.  F.  R.  Simpson  (Ryton)  said  one  of  the  most  interesting  points 
of  the  paper  was  the  proposed  method  of  bringing  the  tubs  to  one  end  of 
the  face  and  running  them  out  at  the  other  end.  It  would  be  difficult  to 
maintain  the  tub-road  along  the  working-face  unless  the  roof  was 
exceedingly  good. 

Mr.  R.  A.  S.  Redmayne  (Seaton  Delaval)  said  that  the  method  of 
working  home  from  the  boundary  to  the  shaft  was  not  a  familar  method 
in  this  district,  and  he  hoped  that  in  three  or  four  years,  Mr.  Claghorn 
would  communicate  a  further  paper  on  the  subject.  It  appeared  that  a 
compressed-air  plant  had  been  erected  to  work  the  reciprocating  pick- 
machines,  and  he  thought  that  compressed  air  was  most  suitable  for 
working  these  machines,  although  he  understood  that  a  large  number 
were  electrically  worked  in  the  States,  and  he  would  like  to  know  the 
writer's  reasons  for  adopting  compressed  air  in  opposition  to  electricity. 

Mr.  Philip  Kirkup  (Birtley)  said  ]\Ir.  Claghorn  appeared  to 
advocate  a  modification  of  the  longwall  system,  which  seemed  suitable 
for  working  a  clean  seam.  He  considered  that  there  would  be  a  difficulty 
in  maintaining  the  roof  at  the  workmg-face,  as  the  space  occupied  by 
the  loose  coals,  the  tramway  and  the  standing  timber  next  the  goaf  will 
be  considerable.  He  noted  that  on  the  main-heading,  steel  rails  were  used 
weighing  40  pounds  to  the  yard,  and  in  cross-headings  and  along  the 
the  working-face  a  lighter  rail  weighing  ]2  pounds  to  the  yard  is  used. 
This  seemed  to  him  an  unusally  light  section  of  rail  to  use  for  a  tub 
carrying  27  cwts.,  and  having  a  tare  of  JO  cwts.  He  enquired  what  was 
the  section  of  the  rails  in  use  ? 

Mr.  T.  E.  Forster  (Newcastle-upon-Tyne)  said  that,  some  years  ago, 
at  a  colliery  in  Northumbsrland,  road=5  were  driven  to  the  boundary 
with  the  intention  of  commencing  at  the  boundary  and  working  the 
coal  in  an  out-bye  direction.  It  was  however,  found  impossible  to  keep  a 
road  open  along  the  face,  and  the  coal  was  eventually  worked  off  by  judding 
over.  As  in  this  case,  everything  would  depend  on  "the  nature  of  the 
roof. 

Prof:  H.  Louis  (Newcastle-upon-Tyne)  said  that,  as  it  was  proposed 
to  operate  this  colliery  almost  entirely  by  percussion  pick-machines,  one 
was  bound  to  resort  to  the  use  of  compressed  air  to  drive  machines  of 
that  type,  as  no  electrical  pick-machine  had  yet  proved  itself  eflBcient. 
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Mr.  ^y.  0.  Blackett  (Durham)  said  that  he  had  been  favourably 
impressed  with  the  suggestions  made  in  Mr.  Claghorn's  paper.  They 
were  of  a  more  or  loss  feasible  nature,  and  he  should  imagine  that  the 
wi-iter  would  not  have  much  difficulty  in  carrying  them  out  in  practice. 
The  wi-iter  seemed  to  contemplate  very  little  difficulty  in  upholding  tlie 
roof  at  the  working-face,  and  members  would  notice  after  the  writer  had 
provided  for  all  the  room  that  he  required,  both  for  the  timber  and 
machines,  that  he  contemplated  having  some  difficulty  in  getting  the  roof 
to  fall,  and  he  actually  proposed  to  shoot  the  roof-stone  in  order  that  he 
might  relieve  the  weight  at  the  face.  And,  after  all,  it  would  not  take, 
with  the  great  care  which  the  writer  had  used,  a  great  deal  of  width  next 
to  the  working-face  to  provide  the  necessary  space. 

During  the  last  few  weeks  at  one  of  his  own  collieries,  he 
had  contemplated  working  one  of  the  seams  almost  parallel  in  every 
instance  with  the  method  described  in  the  paper.  The  seam  that 
he  had  in  his  mind  was  situated  under  a  hill,  with  a  similar  quantity 
to  work,  and  with  a  slight  rise,  of  which  he  proposed  to  take  advantage 
by  using  endless  ropes.  In  that  particular  seam,  the  roof  was  extremely 
bad,  but  still  he  had  hopes  of  being  able  to  adopt  a  similar  method,  if 
they  could  afford  time  to  wait  for  the  formation  of  coal  gateways.  There 
was  another  seam  that  he  was  convinced  he  would  not  be  able  to  work 
on  account  of  the  extremely  bad  roof,  unless  it  was  worked  in  some  such 
manner  as  that  suggested  by  Mr.  Claghorn.  In  another  instance,  the  roof 
would  not  allow  of  a  double  width  of  way  for  the  endless  rope,  and  the 
empty  tubs  were  conveyed  inwards  on  one  narrow  road,  and  the  full  tubs 
were  brought  out  by  another  narrow  road  with  a  thin  coal-pillar,  9  feet 
thick,  between  the  roads. 

Mr.  John  Southern  (Heworth  Colliery)  remarked  that  at  Heworth 
colliery,  pillars  120  feet  wide  were  driven  for  a  length  of  200  feet,  and 
then  worked  out-bye,  60  feet  being  worked  to  each  road,  and  the  roof 
remained  firm.  There  was  no  difficulty  whatever  in  getting  the  tub 
along  the  working-face.  The  thickness  of  the  seam  was  6|  to  7  feet, 
including  a  stone  band,  20  inches  thick,  which  was  thrown  back  into  the 
o-oaf.  He  asked  the  writer  why  the  curves  to  the  branch-roads  were  laid 
in  a  reverse  direction. 

The  President  (Mr.  W.  Armstrong)  said  that  the  use  of  an  ordinary 
pick-machine  which  had  been  at  work  at  Hetton  colheries  in  the  Low 
Main  seam  had  been  abandoned  because  it  was  impossible  to  maintain  it 
in  working  order. 
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Mr.  C.  R.  Claghorn,  replying  to  the  discussion,  said  that  he  came 
to  England  for  the  purpose  of  studying  longwall  working,  which  was  not 
practised  in  America,  except  in  rare  instances.  A  few  mines  in  the 
southern  part  of  Illinois  and  Indiana  were  operated  on  the  advancing 
longwall  system  ;  the  undercut  was  made  in  the  floor,  the  waste-rock 
was  stowed  in  the  goaf,  and  the  roof  gradually  settled  down. 

The  ordinary  method  of  working  by  the  pillar-and-room  system  had 
been  illustrated  in  the  Transactions.'^  At  the  Vinton  collieries,  the 
hewers  put  their  own  tubs,  kept  their  room  in  order,  hiid  their  own 
tracks,  and  were  paid  2s.  a  ton. 

The  tubs  were  heavy,  weighing  about  13,000  pounds  with  16  inches 
wheels,  self-oilers,  refilled  once  in  2  months.  They  used  heavy  tubs 
because  locomotive  haulage  was  used,  and  the  cars  had  to  be  very  strong. 
He  had  been  very  much  struck  with  the  small  size  of  the  tubs  used  in 
the  Durham  coal-field.  The  tubs  stood  about  25  inches  above  the  rail. 
They  were  filled  bed-full  with  small  coal,  and  then  filled  up  with  larger 
coal  until  they  just  about  touched  the  roof.  In  that  way  they  worked 
larger  coal  in  some  cases  than  he  had  observed  in  the  North  of  England, 
where  he  had  seen  hewers  break  large  lumps  to  get  the  coal  on  the  top  of 
the  tub.  In  Pennsylvania,  the  tubs  were  very  wide,  with  a  gauge  of  36 
inches.  He  liad  asked  at  a  number  of  EngUsh  collieries  whether  it 
would  be  difficult  to  keep  the  roof  at  the  face,  so  as  to  leave  a  road  along 
the  coal-face,  and  he  felt  very  much  encouraged  by  the  answers  that  he 
had  received.  A  three-phase  electric  mining-machine  had  been  introduced, 
but  there  was  not  one  in  operation  to-day.  It  was  well  constructed  and 
well  designed,  but  was  not  successful  in  operation. 

The  common  practice  in  Pennsylvania  was  to  use  a  heavy  T-rail  for 
the  main  heading  and  light  rails  in  the  rooms,  even  as  low  as  8  pounds 
per  yard,  but  ties  were  inserted  at  intervals  of  IS  inches,  so  that  much 
lighter  sections  of  rail  could  be  used.  The  40  pounds  rail  was  about  4 
inches,  and  the  12  pounds  rail  about  2  inches  high.  The  40  pounds  rail 
was  adopted,  so  as  to  secure  a  stiff  track  for  locomotive  haulage. 

About  a  year  ago,  a  pick-machine  was  in  use,  operated  electrically,  in 
which  the  blow  was  struck  by  a  spring,  the  motor  running  continuously 
with  a  cam,  which  withdrew  the  pick  or  the  part  which  struck  the  blow. 
The  blow  could  be  regulated  by  means  of  the  spring,  but  as  the  machine 
weighed  1,000  lbs.,  they  were  never  able  to  make  much  use  of  it.  In 
another  mining-machine  of  the  percussive  type,  three  brushes  were  used, 
but  it  did  not  work  satisfactorily. 

*  Trans.  Inst.  M.E.,  vol.  xvii.,  plate  II.,  page  178. 
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The  turns  into  the  cross-headings  were  reversed,  and  as  the  trip  of 
cars  were  run  past  the  cross-heading,  the  cars  of  the  trip  were  dropped 
into  the  cross-heading.  Locomotive  haulage  was  in  use  at  No.  1  mine, 
because  the  main  heading  was  driven  water-level.  He  thought  that 
locomotive  haulage  oifered  more  flexibility  than  any  other  system,  as 
the  line  could  he  extended  every  day  or  so,  if  desired.  The  thickest 
cover  on  the  seam  did  not  exceed  175  feet. 

Fully  GO  per  cent  of  the  workmen  were  unable  to  speak  English. 

Mr.  W.  C.  Blackett  said  that  plenty  of  coal  was  worked  on  the 
pillar-and-stall  system  in  Durham,  where  coal  was  worked  close  under  the 
outcrop,  and  the  roof  was  very  friable. 

The  President  said  that  if  the  roof  was  allowed  to  stand  too  long,  it 
would  be  a  menace  to  the  working -face,  and  when  the  area  was  too  great 
for  the  timber,  the  roof  would  fall  near  the  face,  knock  the  timbers  out, 
and  cut  off  the  face. 

The  President  moved,  and  Mr.  W.  C.  Blackett  seconded  a 
resolution  according  a  hearty  vote  of  thanks  to  the  writer  for  his 
interesting  paper. 


Mr.  J.  J.  Muir's  paper  on  the  "  Ore-deposits  of  Mount  Lyell,  Tas- 
mania," was  read  as  follows  : — 
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ORE-DEPOSITS  OF  MOUNT   LYELL,  TASMANIA. 


By  J.  J.   MUIR. 


The  copper-field  of  Mount  Lyell,  in  the  island  colony  of  Tasmania,  is 
now  so  widely  known  in  the  mining  world  that  it  is  unnecessary  in  this 
paper  to  describe  at  length  its  geographical  position. 

The  great  metalliferous  belt  follows  the  general  line  of  upheaval  of 
the  west-coast  range  of  mountains,  which,  on  a  north-and-south  course, 
are  at  a  mean  distance  of  15  miles  from  the  seal)oard.  The  rocks  of 
these  mountains  may  be  classed  in  two  main  divisions,  and  the  cleavage- 
plane  between  these  two  systems  marks  the  line  of  metalliferous 
deposition.  This  fact  has  now  been  so  clearly  recognized,  especially  as 
regards  the  massive  lenticular  ore-deposits,  that  all  exploratory  work,  both 
to  the  north  and  south  of  the  Mount  Lyell  field,  has  been  confined  to  it. 

The  geological  subdivision  of  the  main  systems  of  rocks  is  as  follows  : — 
On  the  eastern  side  of  the  metalliferous  belt,  lies  a  vast  zone  of  red 
sandstone-conglomerates,  dense,  hard  and  chiefly  unstratified  rocks. 
This  great  area  of  red  rocks  has  Ijeen  defined  by  visiting  geologists  as 
the  Devonian  system  of  Old  Red  Sandstone  :  but  so  far  as  the  writer 
is  aware  no  palfeoutological  evidence  has  been  adduced  in  support  of 
the  assum])tion. 

In  conjunction  with  these  rocks  on  the  west,  occurs  an  undetermined 
area  of  schists  and  quarLzites  in  various  stages  of  metamorphism.  Over 
a  large  surface  whose  extent  is  not  yet  determined,  these  latter 
rocks  are  more  or  less  metalliferous.  The  ore-containing  rocks  occur 
m  alternating  zones  or  bands,  and,  so  far  as  yet  explored,  the  talcose 
schists  appear  richer  in  copper  than  the  (juartzites. 

When  these  rocks  were  originally  laid  down  in  their  horizontal 
position,  it  can  now  be  demonstrated  from  exploration-work  that  the 
metals  held  in  solution  were  more  liberally  distributed  in  the  schists 
than  in  the  quartzites.  A  very  marked  and  an  invariable  feature  is  that 
the  more  nearly  the  junction  with  the  sandstone-conglomerates  is 
approached  the  richer  become  the  ore-containing  rocks.  This  culminates 
on  the  junction-line  between  the  two  systems  in  the  lenticular  ore- 
masses  now  being  worked  by  the  two  chief  mines  of  the  field. 
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The  schists  and  quartzites,  wliieh  may  be  described  as  the  ore-bearing 
rocks  of  the  tield,  are  well  stratified,  and  as  a  consequence  of  their 
upheaval  from  the  horizontal  position  now  dip  at  an  angle  of  from  SO 
to  85  degrees.  The  underlay  of  these  rocks  agrees  with  that  of  the  ore- 
deposits  and  metalliferous  chutes  in  the  country-rocks. 

It  is  a  noticeable  fact  that  in  mostly  all  explored  deposits  and  ore- 
chutes  a  regular  ascending  ratio  of  ore-value  is  obtained  from  the 
hanging  to  the  foot-wall,  the  gravitation  law  in  original  deposition  being 
uniform.  A  vital  point  in  the  geology  of  the  western  ore-rocks  is 
frequently  overlooked  by  mine  managers,  and  often  leads  to  confusion 
and  waste  of  money.  The  continuity  of  the  metalliferous  chute  is 
interrupted  at  intermittent  intervals  by  the  unconformability  of  strati- 
fication, the  original  cause  being  cross-courses  in  the  cleavage-planes 
formed  during  the  upheaval.  On  the  other  hand,  the  sandstone-con- 
glomerates constitute  a  platform  on  which  the  ore -bearing  strata  have 
been  laid  down.  These  rocks  being  devoid  of  metal-contents  in  them- 
selves (except  in  one  isolated  exception)  are  from  their  hardness  regarded 
as  a  serious  obstruction  to  mining  operations. 

The  exploration-work  tliat  has  been  carried  out  in  the  western 
deposits  has  resulted  so  far  in  the  proving  of  large  masses  of  ore-bearing 
rocks,  witli  copper-values  varying  from  2  up  to  10  per  cent.,  and  the 
usual  bye-products  of  gold  and  silver  in  small  quantities. 

These  ventures  are  now  confronted  with  the  problem  as  to  how  they 
can  produce  individually  and  independently  a  payable  concentrate  for 
export.  One  mine  has  erected  concentrating  machinery  on  an  elaborate 
scale  for  treating  the  metalliferous  rocks  in  bulk,  and  in  the  writer's 
opinion  the  conditions  are  highly  favourable  to  a  successful  result. 

It  is  a  noteworthy  circumstance  that,  along  the  junction-line  of 
the  two  rock- systems,  massive  outcrops  of  ha3matite  occur  at  more 
or  less  intermittent  intervals.  Geologists  have  maintained  that  this 
ore  has  been  derived  from  the  decomposition  of  pyritic  bodies,  and 
that  they  are  the  visible  sign  of  the  abundant  sulphide  ore-mass  which 
they  overlie  and  cover.  The  fallacy  of  this  theory  has  now  been  amply 
demonstrated  by  development  and  exploration-work.  It  has  been  proved 
beyond  doubt  that  these  deposits  of  hematite  are  not  necessarily  derived 
from  hidden  pyritic  bodies,  although  they  occur  along  the  main  junction- 
line  on  which  the  large  ore-deposits  are  discovered. 

So  much  has  been  written,  about  the  large  deposit  of  pyritic  ore 
now  worked  by  the  Mount  Lyell  Mining  and  Railway  Company,  by 
the  highest  authorities  in  copper  metallurgy  that  a  passing  reference 
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to  it  net'd  only  be  made  in  this  paper  in  comparing  it  with  the  other 
ore-deposits  of  the  field.  As  is  wellknown,  the  lenticular  mass  of  iron- 
pyrites,  carrying  copper,  gold  and  silver  in  payable  quantities,  is, 
according  to  various  writers,  in  no  way  essentially  different  from  similar 
deposits  profitaljly  mined  in  Spain  and  elsewhere.  It  would  also  appear 
from  reports  on  tlie  mines  that  their  mode  of  geological  occurrence 
is  similar. 

It  will  be  seen,  therefore,  from  the  foregoing  remarks  that  the  ore- 
deposits  of  the  Mount  Lyell  field  occur  in  two  forms: — (1)  Lenticular 
masses  in  concentrated  form  at  the  contact  of  the  conglomerates  and 
schists ;  and  (2)  areas  of  metalliferous  rocks,  occurring  in  chutes  and  zones 
in  the  form  of  copper-pyrites,  and  associated  with  the  schists  and  quartzites. 

About  1^  miles  along  the  contact-line  from  the  Mount  Lyell  mine, 
the  next  great  discovery  in  the  field  was  made  on  the  property  of  the 
North  Mount  Lyell  Copper  Company,  Limited.  The  ore-channel  was 
systematically  followed  up,  and  resulted  in  the  discovery  of  a  unique 
mass  of  copper  sulphide.  It  is  a  body  of  dense  Ijoriiite  and  chalcocite 
(copper-glance)  hi  a  matrix  of  quartzite,  and  ranges  in  assay-value  from 
15  to  35  per  cent,  of  copper.  The  whole  mass,  which  is  about  ISO  feet 
in  length  by  80  feet  in  breadth,  lies  in  direct  contact  with  the  foot-wall  of 
conglomerates,  and  has  been  traced  in  depth  to  350  feet.  The  difference 
between  the  composition  of  this  ore  and  that  of  tlie  ]\Iount  Lyell  mine  at 
once  marked  an  unique  discovery  for  the  field,  as  hitherto  iron-pyrites, 
carrying  copper,  gold  and  silver  had  alone  been  considered.  The  North 
Lyell  discovery,  therefore,  introduced  a  new  class  of  copper-ore, 
in  tlie  richness  of  its  copper-contents  it  has  not  been  locally  surpassed, 
and  in  the  writer's  opinion  is  very  unlikely  to  be. 

Continuing  about  2  miles  further  north  along  the  junction-line 
valuable  discoveries  are  being  made  on  the  Lyell  Comstock  mine, 
and  as  the  geological  conditions  are  analogous  to  those  existing  at  the 
North  Lyell  mine,  there  is  high  probability  of  rich  concentrated 
deposits  being  discovered  thereabouts  in  the  near  future. 


The  President  moved  that  a  hearty  vote  of  thanks  be  accorded  to 
Mr.  Muir  for  his  interesting  paper. 

The  motion  was  cordially  approved. 


Mr.  E.  Halse's  paper  on  '*  Some  Silver-bearing  Veins  of  Mexico,'  was 
read  as  follows  : — 
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SOME  SILYER-BEARING  VEINS  OF  MEXICO. 


By  EDWARD  HALSE. 

Introduction. 

The  following  descrii)tions  are  mainly  based  on  observations  made  by 
the  writer  from  1S91  to  1895,  durmg  which  years  he  visited  several  of 
the  classical  mining-camps  of  the  Repubhc  of  Mexico,  and  examined 
some  silver-bearing  deposits  hitherto  little  known,  as  they  are  situated 
far  from  the  beaten  tracks.  It  must  be  understood  that  the  veins  in 
the  lesser  known  districts  are  described  from  a  geological  rather  than 
from  an  economic  standpoint,  for  it  is  certain  that  many  of  them 
would  not  pay  to  work  at  the  present  price  of  silver. 

The  writer  has  endeavoured  to  confine  himself  to  facts,  and  has 
eschewed  theories  on  the  origin  and  history  of  the  veins,  for  although 
later  develo})ments  cannot  alter  the  phenomena  met  with  at  the  surface 
or  at  moderate  depths  only,  they  might  considerably  modify  any  attempt 
to  explain  the  genesis  of  the  deposits. 

The  Chipionena  Silver-mine,  near   Matape,  State  of   Sonora. 

This  mine  is  in  the  district  of  Ures,*  some  25  miles  south-south-east 
of  the  town  of  that  name,  16  miles  north  of  Matape,  and  84  miles  east- 
north-east  of  the  Torres  station  of  the  Sonora  railroad.  The  mine  is 
situated  on  a  line  of  low  hills  skirting  the  plains  on  which  the  town  of 
Matape  has  been  built,  the  elevation  being  about  0,000  feet  above  sea- 
level.  The  hills  form  a  portion  of  a  granite-belt  stretching  in  a  general 
north-and-south  direction  from  Ures  in  the  north  to  San  Marcial  in  the 
south,  or  a  length  of  about  70  miles.  The  rocks  immediately  surround- 
ing the  granite  are  modern  eruptives,  excepting  about  4  miles  to  the 
north-east,  where  a  mass  of  Jurassic  limestone  crops  out  on  the  western 
slope  of  the  Sierra  de  Santiago.  At  the  surface,  the  granite,  which  is 
whitish,  has  quite  a  solid  appearance,  but  in  reality  it  is  considerably 
altered  and  is  so  tender  that  it  can  be  readily  broken  up  by  the  hands. 

The  vein  of  the  Chipionena  mine  crops  out  on  the  south-western  side 
of  the  granite-hills  trending  in  a  general  north-west  to  south-east  direc- 

*  The  traveller  visiting  this  region  should  go  provided  with  tup-boots  or  a 
thick  pair  of  leggings,  as  rattlesnakes  abound,  and  have  an  awkward  habit  of 
going  to  sleep  in  the  roads  and  paths  just  befoi-e  sunset. 
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tion,  and  dipping  to  the  north-east  45  degrees.  The  strike  varies  locally 
from  north  35  degTees  west  to  north  57|  degrees  west,  and  the  dip 
from  38  to  50  degrees.  The  granite  forming  the  walls  is  stained  a 
deep  red,  and  a  microscopic  examination  of  the  ''  country  "  shows  the 
felspar  to  be  altered  and  charged  with  iron-oxide.  It  is  somewhat 
greasy  to  the  touch  and  is  locally  known  as  tucurahahi.^ 

The  main  joints  or  "beds"  form  a  very  acute  angle  (from  5  to  10 
degrees)  with  the  lode  in  the  line  of  strike,  and  dip  in  the  same  direction 
as  the  vein  at  the  same  angle  or  sometimes  a  few  degrees  steeper.  Other 
joints  cross  these  nearly  at  right  angles,  and  have  a  high  north-westerly 
dip.  Fig.  1  (Plate  XVIII.)  shows  the  relative  positions  of  the  veins  and 
the  two  sets  of  joints  as  seen  in  plan,  the  thick  lines  representing  the 
lode  coursing  in  altered  granite. 

The  vein  is  from  3  to  4  feet  thick  and  can  be  traced  at  the 
surface  for  about  4,000  feet.  The  filling  at  and  near  the  surface  is 
white,  red,  and  yellow-stained  quartz  and  country-rock,  with  oxide  of  iron 
and  unaltered  iron-pyrites.  The  surface-ore  would  appear  to  be  poor, 
judging  from  the  terreros  dumped  on  the  hill-side,  a  sample  of  which 
yielded  only  5  ounces  of  silver  and  16  grains  of  gold  per  ton. 

On  the  eastern  side  of  the  hill,  a  shaft  or  adit-level  (socahon), 
inclined  30  degrees  from  the  horizon,!  had  been  sunk  until  it  had  cut 
the  lode  about  114  feet  from  the  surface,  measured  on  the  incline,  or  at 
a  vertical  depth  of  aboiit  52  feet.  It  had  been  worked  upwards  and 
downwards  very  irregularly  from  this  point,  in  fact  in  the  zig-zag  fashion 
peculiar  to  shallow  Mexican  mines.  Altogether  the  mine  had  been 
worked  about  200  feet,  measured  on  the  dip  of  the  vein,  or  about  141 
feet  vertical. 

About  52  feet  from  the  surface,  measured  vertically,  the  lode  is  4  feet 
wide,  2  feet  consisting  of  good  ore  on  the  hanging-wall  side.  The  vein 
in  the  centre  is  well  mineralized  (thickness  1  foot),  while  the  portion 
lying  on  the  foot-wall  (1  foot  in  thickness)  is  of  low   grade. 

The  hanging- wall  dips  48  degrees  and  the  foot-wall  49  degrees. 
Elsewhere  on  the  same  horizon,  the  best  ore  Lies  on  the  foot-wall  side 
f thickness  2  feet),  indeed  this  is  generally  the  case  in  this  mine. 

Fig.  2  (Plate  XVIIT.)  is  a  typical  cross-section  of  the  vein  on  the 
same  horizon.  Xext  the  hanging-wall  is  a  gouge  of  clay  al)Out  G  inches 
thick,  then  comes  a   12  inches   leader   of   quartz   with   silver-bearing 

*  This  is  evidently  an  aboriginal  name  and  was  probably  given  by  the 
Apaches,  who  formerly  mined  in  this  region. 

t  This  is  an  example  of  what  is  known  in  some  parts  of  Spanish  America  as  a 
chijl6n,  or  work  making  way  in  length  as  well  as  in  depth. 
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sulphides  of  lead,  iron  and  zinc :  1 5  inches  of  conntry-rock  with 
stringers  and  spots  of  mineral  separates  the  latter  from  the  pay-streak 
or  cinta  which  lies  on  the  foot-wall.  'I'he  ])ay-streak  is  here  only  4 
inches  in  thickness,  and  consists  of  limonite  and  quartz  showing  native 
silver. 

This  is  an  example  of  considerable  alteration  on  one  side  of  a  lode, 
while  the  opposite  side  consists  of  quartz  with  nndecomposed  sulphides  ; 
in  other  words,  the  zone  of  sulphides  here  overlaps  the  oxidized  zone. 
The  two  mineralized  portions  of  the  vein  are  separated  by  country-rock 
which  is  clearly  in  situ,  and  not  a  horse  or  portion  of  country-rock  which 
has  been  broken  off  from  one  of  the  walls. 

Further  w^estward  still  on  the  same  horizon,  the  vein  is  only  about 
2  feet  in  tliickness,  l)ut  is  well  mineralized  on  the  foot-wall  side,  the 
oxidized  pay -streak  varying  from  G  to  18  inches  in  thickness. 

At  the  bottom  of  the  mine  (141  feet  vertical),  the  red  gossany  pay- 
streak  is  replaced  by  a  rib  of  sulphide-ore,  6  inches  thick,  in  which  iron- 
pyrites  predominates.  The  mineral  on  the  hanging-side  (dip  38  degrees) 
is  from  20  to  27  inches  thick,  while  there  is  but  a  thin  film  of  clay  or 
selvage  on  the  hanging- wall. 

The  vein,  as  a  rule,  is  very  uniform  in  strike,  dip  and  thickness  ;  it 
has  well-defined  walls,  usually  with  clay-selvages.  The  hanging-wall  is 
sometimes  seen  to  be  in  rolls  or  short  curves.  The  ore  occurs  in  shoots 
or  chimneys  pitching  north-westward,  and  between  them  the  lode-filling 
consists  of  soft  clay  with  crystals  of  iron-pyrites  embedded  in  it,  having 
little  or  no  silver.  On  the  other  hand,  the  crystalline  iron-pyrites 
(hronce)  found  in  the  payable  portion  of  the  lode  contains  silver  up  to 
500  ounces  per  ton. 

The  pitch  of  the  ore-shoots  appears  to  have  been  determined  by  the 
joint-planes  of  the  country-rock  descril:)ed  as  crossing  the  lode  and 
dipping  in  a  north-westerly  direction  (Fig.  1,  Plate  XVIII. ). 

At  first  sight,  it  would  appear  that  the  joints  are  of  more  recent 
date  than  the  lode  itself,  but  it  may  be  that  the  mineral  solutions 
gradually  replaced  the  country-rock,  and  in  so  doing  failed  to  obliterate 
the  joint-planes.  It  has  already  been  shown  that  near  the  centre  of  the 
lode  a  portion  of  country -rock  exists,  only  partially  mineralized.  On  the 
other  hand,  the  fact  that  the  ore-shoots  pitch  in  a  north-westerly 
direction  is  no  evidence  that  the  joints  were  formed  before  the  lode, 
for  these  joint-planes  would  naturally  give  access  to  surface-waters, 
the  circulation  of  which  would  tend  to  redistribute  the  ore  in  the  lode 
itself. 
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The  joints  and  tlit'  clay-u:ou,u"e  existing  on  the  hanginu-wall  of  the 
lode  appear  to  afford  evidence  of  a  horizontal  movement  having  taken 
place  in  the  country-rock,  Ijut  whether  before,  after,  or  at  the  same  time 
as  the  lode  was  formed  is  not  clear, 

SiLVER-EEGION   OF   TavK'HES,    XEAR   OcOTLAN,    StATE   OF    OaXACA. 

This  region  is  aljout  5  leagues  from  Ocotlan,  and  11  leagues  from 
the  city  of  Oaxaca,  in  a  south-easterly  direction.  It  measures  roughly 
about  8  leagues  in  length  following  a  north-west  to  south-east  direction 
by  2 1  leagues  in  breadth.  The  district  is  very  mountainous,  forming  in 
fact  a  spur  of  the  Cordillera,  known  further  north  as  the  Sierra  Madre, 
and  is  broken  up  by  deep  gullies  {barrancas),  more  or  less  parallel  to 
the  general  direction  (north-west  to  south-east),  and  by  shallower 
gullies  {quebradas)  perpendicular  to  it.  The  elevation  above  sea-level 
varies  from  4,075  feet  to  about  6,080  feet. 

The  formation  is  eruptive,  mainly  hornblende-andesite  of  Tertiary 
age,  and  is  limited  on  the  east  by  the  calcareous  formation  (Cretaceous), 
and  on  the  west  by  the  Huronian  rocks  of  Ocotlan. 

The  structure  of  the  andesitic  country-rock  varies  considerably,  being 
in  some  places  massive,  in  others  distinctly  bedded,  and  here  and  there 
showing  a  tendency  to  become  prismatic.  In  its  normal  condition,  it  is 
a  hard  rock  showing  white  or  greenish  crystals  of  hornblende  (amphibole) 
and  darker  coloured  crystals  of  hypersthene  ;  frequently  it  assumes  a 
red,  purple,  green,  blue  or  white  colour,  according  to  the  degi-ee  of 
alteration,  or  the  amount  of  foreign  elements  present  in  the  rock.  The 
extreme  of  decomposition  or  alteration  results  in  an  almost  pure  white 
clay  or  kaolin. 

The  andesitic  country-rock  is  traversed  by  a  number  of  veins,  the 
chief  ones  of  wliich  run  in  a  general  north-west  to  south-east  direction. 
Some  of  the  veins  are  remarkable  for  their  great  thickness — in  some 
instances  measuring  upwards  of  300  feet  across  the  outcrop  ;  for  their 
length — often  being  traceable  for  several  miles  ;  and  for  the  strength  of 
their  outcrops,  which  here  and  there  stand  up  like  walls  from  2(i  to  30 
feet  above  the  general  surface  of  the  ground. 

Parallel  to  these  veins,  there  would  appear  to  be  a  system  of  felsitic 
dykes,  which  is  especially  noteworthy  in  the  north-eastern  portion  of  the 
district.  Indeed,  it  is  highly  probable  that  some  of  the  larger  veins 
will  on  further  exploration  jjrove  to  be  dykes  strongly  metalliferous  in 
places. 

Another  system  of  veins  crosses  the  first,  trending  in  a  general  east- 
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aiid-west  direction.  These  are  uot  so  powerful  as  the  first  system,  they 
are  usually  in  the  nature  of  bedded  veins,  and  were  probably  formed  long- 
before  the  north-west  to  south-east  system  of  fractures.  They  are  in 
places  well  charged  with  silver-ores. 

The  filling  of  the  veins  varies  considerably  in  different  parts  of  the 
region.  Where  the  veins  are  wide  the  ore  runs  in  ribs,  bands  or  cintas 
parallel  to  the  walls,  often  alternating  with  layers  of  altered  country  ; 
elsewhere  the  ore  has  a  tendency  to  occur  in  small  bunches  {ojos). 
Indeed  some  of  the  veins  at  and  near  the  surface  show  quartz  with 
isolated  grains  or  moscas  of  pyrargyrite  {rosider-obscuro). 

Gossans  {colorados)  predominate  as  a  rule  near  the  surface,  consisting 
of  oxide  of  iron,  with  one  or  more  of  the  following:  —  oxide  of 
manganese,  chloride  of  silver,  more  rarely  native  silver,  blue  and  green 
carbonates  of  copper,  and  finely  disseminated  native  gold  in  quartz  or 
altered  country-rock.  The  wider  the  vein,  other  things  being  equal,  the 
deeper  does  the  oxidized  zone  penetrate  ;  but,  where  the  veins  have  a  hard 
and  compact  filling  right  up  to  the  surface,  sulphide-ores  may  exist  even 
to  the  grass  roots,  as  in  the  instance  quoted  above. 

The  configuration  of  the  ground  sometimes  determines  the  existence 
or  otherwise  of  the  oxidized  zone  ;  thus,  in  the  case  of  a  vein  crossing  a 
valley  of  erosion,  the  water-level  may  exist  immediately  below  the  bottom 
of  the  valley,  in  which  case  the  probabilities  are  that  the  oxidized  zone 
will  be  absent  although  such  a  zone  may  occur  in  the  hills  on  either  side 
of  the  valley. 

In  certain  places,  the  ores  are  strongly  charged  with  iron-pyrites 
close  up  to  the  surface  ;  but,  as  a  rule,  that  mineral  is  by  no  means 
conspicuous,  and  is  often  entirely  absent. 

The  general  matrix  is  quartz,  from  white  to  yellow  in  colour, 
generally  crystalline  and  more  or  less  transparent,  and  sometimes 
crystallized  in  vughs  or  druses  and  on  clay-joints  and  partings.  In 
certain  veins  or  portions  of  veins,  it  has  a  characteristic  concentric 
radiated  structure,  showing  that  the  quartz  had  filled,  and  crystallized 
out,  in  cellular  spaces  in  the  rock.  In  proof  of  this,  such  cellular  spaces 
exist  here  and  there  without  any  filling. 

With  the  quartz  often  occurs  calcite,  and  occasionally  gypsum.* 
With  the  silver  ores  (mainly  pyrargyrite  or  dark  ruby  silver,  sometimes 
associated  with  proustite  or  rosider  daro,  polyba'site  or  argentite),  stibnite 
is  not  infrequently  found.  Other  associations  are  iron-pyrites,  galena 
(argentiferous  when  fine-grained),  copper-pyrites  and  blende,  f 

*  Fluorspar  is  also  said  to  occur  sometimes. 
t  Rhodonite  is  said  to  have  been  found  also. 
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Most  of  the  ores  contuin  a  certain  proportion  of  gold — the  per- 
centage varying  from  a  few  grains  up  to,  in  rare  instances,  several 
ounces  per  ton,  and  appearing  to  increase  in  a  northerly  direction. 

In  the  southern  portion  of  the  district  much  greater  denudation  has 
taken  place  than  in  the  northern  portion,  while,  as  a  matter  of  fact, 
the  ores  known  as  negros  predominate  in  the  former,  and  in  the 
latter  colorados  nearly  always  constitute  the  upper  portions  of  the 
veins.  There  are,  of  course,  exceptions  to  the  rule.  This  will  serve 
to  explain  the  increase  in  the  percentage  of  gold  northward,  for  ore 
generally  carries  more  free  gold  in  the  oxidized  zone  (colorados)  than 
it  does  in  the  zone  of  sulphides  {negros). 

The  sketch-plan  (Fig.  3,  Plate  XVIII.)  was  made  hy  the  engineers 
of  the  Mexican  company  working  this  district.  It  has  no  pretence  to 
accuracy,  but  is  intended  to  give  a  rough  idea  of  the  general  direction 
of  the  chief  lodes  of  the  district. 

Las  Mujeres. — The  main  vein  has  a  normal  north-west  to  south- 
east* course,  and  dips  south-west  40  to  55  degrees.  Workings  on  a 
north-and-south  branch  dipping  west  45  degrees  show  several  feet  of 
vein  exposed,  consisting  of  quartz,  oxide  of  iron  and  iron-pyrites,  with 
a  pinta  of  sulphides  of  silver,  etc. 

El  Conejo. — This  is  a  powerful  vein,  parallel  to  and  a  little  east  of  the 
last.  The  general  trend  is  north-west  to  south-east,  and  the  dip  south- 
west 50  to  GO  degrees.  The  outcrop  (creston)  rises  from  18  to  20  feet 
above  the  ground,  the  hanging-wall  being  distinctly  visible,  while  the 
foot-wall  is  concealed  by  debris  from  the  outcrop.  The  thickness  must 
be  from  20  to  30  feet  at  least.  At  the  time  of  the  writer's  visit 
(December,  1894)  the  bottom  workings,  about  100  feet  in  depth,  were 
mostly  under  water.  One  small  pit  {cata)  exhibited  8  feet  of  quartz 
and  white  altered  rock,  with  oxide  of  iron  and  specks  {pintas)  of 
sulphide  of  silver. 

A  little  north  of  the  hacienda,  galena,  l^lue  and  green  carbonates 
of  copper  and  oxide  of  iron  are  associated  with  the  silver-ores.  The 
latter  often  occur  in  rounded  masses  or  rueda,s,  as  they  are  termed 
locally.  Here  the  lode  has  a  north-and-south  branch,  dipping  west 
45  degrees.  To  the  south  of  the  hacienda,  the  gold  is  finely  dissemi- 
nated in  the  vein,  and  is  associated  with  galena,  generally  fine-grained, 

*  All  readiugs  are  magnetic,  the  declination  being  V  30'  east. 
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but  sometimes  in  large  cubical  crystals.  In  places,  the  lode  consists  of  a 
number  of  thin  parallel  quartz  veins  separated  by  hard  country-rock,  and 
is  probably  a  mineralized  dyke,  metalliferons  in  places. 

The  ore  containing  gold  is  ground  in  an  arrastre*  and  treated  by 
the  patio  process.  Fig,  4  (Plate  XVIII.)  is  a  sketch  of  a  hand-arrastre 
(arrastre  de  mnwt)  used  by  the  Indians  of  the  district.  The  grinder 
or  upper  millstone  is  made  of  very  hard  andesite  from  the  neighbour- 
hood, and  is  worked  by  means  of  two  wooden  handles  wedged  into  the 
stone.  The  bed  or  lower  millstone  consists  of  a  similar  hard  stone  set  in 
a  clay-basin  or  mortar.  It  is  hardly  necessary  to  point  out  that  the 
grinder  rotates  on  an  iron  peg  fixed  in  the  centre  of  the  bed — it  is,  in 
fact,  a  variation  of  the  ancient  Roman  mill  of  which  many  fine  examples, 
found  in  Northumberland,  have  been  preserved  by  the  Antiquarian 
Society  of  Newcastle-upon-Tyne. 

The  above  powerful  vein  can  be  traced  in  a  north-westerly  direction 
as  far  as  the  Yavola  Hill  (probable  distance  3,300  feet).  The  rock  there 
is  seen  to  be  considerably  altered,  and  of  a  mottled  red-and-white  colour. 
In  the  depression  between  the  two  hills,  the  outcrop  takes  a  westerly 
bend  (due  to  the  dip  of  the  vein)  before  reaching  this  point.  To  the 
south-east  of  the  above  workings,  the  vein  splits  up  into  three  branches, 
the  most  easterly  of  which  runs  north-and-south.  Below  this  point  in  a 
deep  arroyo,  and  beyond,  on  a  rounded  hill  to  the  north-east  of  San 
Geronimo,  the  vein  is  again  seen  to  crop  out  powerfully.  Here  it  is 
known  as  ''  Creston  Santa  Cruz."  ki  this  point  the  vein  has  its  normal 
north-west  to  south-east  trend,  and  the  dip  is  south-west  55  degrees. 
The  hanging-wall  stands  from  30  to  40  feet  above  the  general  surface, 
and  the  thickness  is  30  feet  at  least.  Stibnite  occurs  in  this  outcrop. 
Still  further  south-eastward,  another  powerful  outcrop  of  probably  the 
same  vein  is  seen  on  the  road  leading  from  the  eastern  part  of  the  district. 

Sayita  Catarina  and  Ghivo. — This  is  the  highest  part  of  the  district 
(0,080  feet  above  sea-level).  Several  parallel  veins  have  been  worked 
here  containing  cintas  of  silver-bearing  quartz.  The  principal  outcrop 
trends  about  north-west  for  the  greater  part  of  La  Soledad  and  Santa 
Catarina  claims  ;  it  then  deviates  considerably  from  this  general  direc- 
tion, running  almost  east-and-west  in  the  Dios  Guia  claim  to  the  east. 
The  strike  for  the  greater  part  of  the  workings  is  north  38  degrees  west 

*  This  is  almost  invariably  spelt  arra-'itra  in  English  works,  but  the  above  is 
the  correct  spelling  of  the  word  ;  it  is  derived  from  the  verb  (irradrar,  to  drag 
along. 

t  It  is  similar  to  the  maray  used  in  the  Argentine  Republic,  but  is  much  smaller. 
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to  soiitli  38  degrees  east,  with  a  hiuli  south-westerly  dip.  Tn  one  place 
where  two  veins  united,  the  ore-body  was  nearly  50  feet  thick  (15  metres). 

In  another  instance,  very  rich  ore  was  met  with  in  an  east-and-west 
vein  dipping  north,  21  inches  thick,  at  a  point  where  three  other  veins 
or  branches  formed  a  junction  with  it,  the  first  two  striking  about  north 
35  degrees  west,  and  the  last  north  20  degrees  east. 

The  lowest  workings  are  about  260  feet  in  depth.  The  ores  are 
colorados  or  peroxide  of  iron,  yellow  ochre  (these  two  resulting  from  the 
decomposition  of  limonite),  and  quartz  with  sulphide  of  silver.  Tlie  ore 
shoots  across  the  lode  obliquely  with  a  southerly  pitch — a  phenomenon 
of  not  infrequent  occurrence  in  this  district.  The  best  ore  seems  to  be 
in  No.  2  level.  In  No.  3  (bottom)  level,  as  well  as  in  the  greater  part  of 
No.  1  level,  the  filling  consists  of  very  soft  rock,  being  white  clay  (altered 
andesite),  bespattered  with  crystals  of  iron-pyrites.  It  is  needless  to  say 
such  workings  are  unpayable  {en  borrasca). 

San  Francisco  * — This  mine  is  a  little  east  of  San  Geronimo.  At 
the  mouth  of  the  workings  the  vein  trends  nearly  east-and-west  and  dips 
south  25  degrees.  Inside,  the  vein  bends  round  to  from  30  to  60  degrees 
northward  and  dips  south  30  degrees.  An  ore-shoot  (clavo)  has  been 
followed  here  to  a  depth  of  50  or  60  feet,  which  seems  to  be  in  the 
nature  of  a  chimney.  The  shoot  crosses  the  lode  somewhat  obliquely, 
for  whereas  the  lode  here  strikes  north  30  degrees  west  to  south  30 
degrees  east  the  pitch  of  the  shoot  is  directed  south  40  degrees  west 
(Fig,  5,  Plate  XVIII.).  A  rib  or  cordon  of  the  vein  being  worked  is  nearly 
4  feet  thick  on  an  average,  and  consists  of  quartz  showing  a  good  jnnta  of 
sulphide  of  silver,  and  with  small  rliombohedral  crystals  of  calcite.  The 
bottom  of  the  mine  could  not  be  examined,  as  it  was  under  water  at  the 
time. 

Las  Animas. — This  is  close  to  the  last  and  is  possibly  an  extension 
of  that  vein.  The  vein  strikes  east-and-west,  dips  south  45  degrees,  and  is 
22  feet  in  thickness.  The  filling  shows  small  rhom1)ohedral  crystals  of 
calcite  similar  to  those  in  the  last  vein.  In  one  place  a  cordo7i  of  ore  is 
composed  of  4  feet  in  thickness  of  quartz  and  oxide  of  iron,  with  some 
inclusions  of  white  altered  "  country." 

La  &oledad  is  a  little  further  down  the  arroyo.  The  vein  strikes 
north-west  to  south-east  and  dips  south-west  55  to  60  degrees.     Both 

*  The  strike  of  the  vein  is  not  shown  correctly  in  the  plan. 
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sides  (relices)  of  the  vein  exhibit  white  altered  kaolinized  rock.  A  rib 
from  2  to  3  feet  thick  consists  of  white  and  Ijhiish  quartz  with  some 
oxide  of  iron,  and  indnsions  of  white  altered  "  country." 

The  rock  iu  the  neighbourliood  is  hard  andesite  witli  a  bedded 
structure,  the  layers  running  north  22  degrees  to  30  degrees  west,  with  an 
easterly  dip. 

Sail  Bartolo.* — A  wide  vein  crops  out,  trending  north  80  degrees 
east,  and  dipping  south  80  degrees,  of  ribs  of  ore  separated  by  more  or 
less  barren  rock.  The  quartzose  and  highly  ferruginous  filling  is  spotted 
with  sulphide  of  silver. 

Minas  Viejas. — This  is  a  shallow  working  a  little  south  of  the  last, 
on  a  north-west  to  south-east  almost  perpendicular  vein.  The  thickness 
is  from  2  to  6  feet ;  the  ore,  however,  is  confined  to  a  rib  of  about  15 
inches  on  the  north-east  side,  consisting  of  quartz  with  some  oxide  of 
iron,  spotted  with  sulphide  of  silver  and  crystals  of  iron-pyrites. 

On  the  road,  between  the  last  and  San  G-eronimo,  the  rock  is  seen 
in  one  place  to  have  a  bedded  structure.!  The  beds  trend  east  and  west, 
and  dip  high  to  the  south. 

Providencia. — In  an  arroyo  on  the  road  to  the  veins  purple  and  green 
beds  of  hard  andesite  trend  west-north-west  and  dip  north  38  degrees. 

The  Providencia  vein  runs  east  and  west  nearly,  and  dips  northward 
at  and  near  the  surface,  which  changes  to  southward  below.  The  vein 
is  very  soft  and  the  ore  very  red  and  earthy.  In  an  arroyo  a  little  south 
of  the  last,  a  parallel  vein  courses  east-north-east  and  dips  south  70 
deorees,  consisting  of  branches  of  quartz  and  gossan  in  white  altered 
rock.  La  Purissima  vein,  near  the  above,  runs  east-north-east  with  a 
hio'h  southerly  dip.  The  ore  is  very  red  and  earthy,  showing  spots  of 
sulphide  of  silver  in  quartz. 

The  country-rock  of  these  veins,  generally  speaking,  is  purple 
andesite,  in  beds  having  the  same  strike  and  dip  as  the  veins  themselves, 
hence  the  latter  would  appear  to  be  bedded  veins. 

Santo  Tomas. — This  vein  trends  north-west  to  south-east  and  is 
several  feet  thick.  In  the  upper  workings,  the  "country"  is  a  soft 
purplish  rock,  in  which  the  vein  has  a  somewhat  flat  south-westerly  dip. 
Lower    down,   the    rock    becomes   very   hard,   and  the  vein  is  almost 

*  The  strike  of  the  veins  is  shown  incorrectly  on  the  map. 
t  Ibid. 
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perpendicular.  The  hanging-wall  side  consists  of  quartz,  calcite  and 
iron-pyrites,  and  is  spotted  with  sulphide  of  silver.  The  rock  is  a  light 
green  andesite,  with  some  dark  green  discolorations,  in  beds  trending 
north-west  to  south-east  and  dipping  south-westward,  so  that  this  vein 
is  also  a  bedded  one. 

San  Juan. — This  vein  is  a  little  south  of  the  last  and  runs  west- 
north-west  to  east-south-east  with  a  southerly  dip.  There  are  old 
opencasts  (Jajos  abierfos)  here.  The  vein  is  5  feet  wide,  with  a  rib 
of  gossany  ore  on  the  hanging-wall ;  3  or  4  other  ribs  consist  of  quartz 
separated  by  altered  "country"  having  dark  green  discolorations. 
Marcasite  occurs  in  this  vein. 

Several  veins  form  a  junction  at  the  Trinidad  mine  and  produced  a 
bonanza. 

Santo  Niiio. — The  general  direction  of  the  vein  is  north  25  degrees 
west  with  a  westerly  dip,  and  the  thickness  is  35  feet.  The  filling  is 
chiefly  quartz.  The  ore  is  pyrargyrite  {rosider-obscuro),  and  occurs  in 
spots  {moscas)  or  in  little  bunches  (ojos)  which  appear  to  cross  the  vein 
obliquely  and  to  pitch  south.  It  is  known  as  metal  mosqueado  in 
the  district,  and  occurs  right  up  to  surface. 

The  ore,  when  brought  to  the  surface,  is  hand-picked  Ijy  Indians,*  and 
divided  into  (1)  pepena  or  first  class  ore,  (2)  jnnta  or  second  class,  and 
(3)  very  low-grade  ore,  which,  with  the  waste  {tepetate),  is  thrown  on  the 
dump. 

Another  remarkable  feature  about  this  vein  is  that  it  is  crossed  by 
a  series  of  clearly-defined  joints  trending  north  22^  degrees  east  to  south 
22^  degrees  west,  and  dipping  south-south-eastward  48  to  57  degrees,  which 
divide  the  vein  up  into  a  number  of  separate  ribs  crosswise  to  the  general 
strike,  thereby  more  or  less  obliterating  the  original  bauds  or  ribs  of 
quartz  and  ore  parallel  to  the  walls.  These  joints  are  doubtless  of  later 
origin  than  the  vein-filling,  and  may  be  evidence  of  recent  horizontal 
thrusting  having  taken  place  in  the  country-rock  ;  nevertheless,  they 
have  probably  had  considerable  influence  on  the  final  arrangement  of  the 
ore  in  the  vein,  and  help  to  explain  the  oblique  distribution  of  the 
bunches  or  ojos  (Fig.  6,  Plate  XVIII.). 

The  (juartz-filling  here  and  there  shows  an  amygdaloidal  structure, 
having  iilcluded  black  fragments  of  andesite  (?).     Calcite  is  also  present. 

*  Native  labour  is  scarce  but  cheap,  Indian  harreteros  or  miners  being  paid  .STJ 
cents  (silver)  per  day,  while  harreteros  imported  fi'om  Guanajuato  or  Zacatecas 
receive  §1   [silver)  per  day. 
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An  interesting  mineral  specimen  from  this  mine  shows  needle-like 
crystals  of  quartz,  about  4  iuclies  in  length,  springing  from  a  base  of 
argentite  (SAg.,).  On  the  surface  of  the  quartz-crystals  are  immerous 
bleb-like  excrescences  of  quartz,  each  bleb  being  formed  of  a  immber  of 
minute  prismatic  crystals.  The  large  crystals  of  quartz  have  a  back- 
ground of  uncrystallized  carbonate  of  iron,  forming  a  sort  of  double- 
shield,  oxidized  above  (where  the  quartz  crystals  are  stained  red),  and 
scattered  with  small  rhombohedral  crystals  of  calcite. 

San  Angel. — This  working  is  on  a  hill  to  the  north  within  the 
pertmencia  known  as  '*  Corazon  de  Jesiis."  The  width  exposed  is  12^ 
feet.  The  ore  is  in  moscas  of  pyrargyrite  in  quartz  showing  a  radiated 
spherical  structure,  a  piece  of  the  former  mineral  (petlanque  obscuro) 
sometimes  forming  the  centre.  The  ore  is  associated  with  stibnite, 
calcite  in  large  greenish  rhombohedral  crystals,  and  gypsum.  The 
gangue  appears  to  be  formed  of  hard  andesite  with  flat  layers  of  calcite, 
3  to  9  inches  thick,  forming  vughs  or  druses.  Moreover,  it  is  veined 
with  quartz  (also  forming  vughs  here  and  there),  and  in  places  exhibits 
layers  of  somewhat  hard  red  clay  scattered  with  small  transparent 
crystals  of  selenite. 

Joints  cross  the  lode  in  a  similar  way  to  the  last. 

S«n  Joaquin. — This  is  further  north  than  the  last,  but  on  the  same 
line  of  fracture.  The  vein  strikes  north-north-west  and  dijis  westward 
55  degrees  at  the  bottom  of  the  working,  and  35  degrees  at  the 
top.  Hard  andesite  forms  the  hanging-wall ;  and  the  foot-wall  consists 
of  rock  altered  to  a  red  clay  separated  from  the  vein  by  a  layer  of 
what  appears  to  be  quartzite.  Joints  cross  the  lode  and  dip  at  a  high 
angle  south,  but  in  this  instance  they  have  not  obliterated  the  original 
bands  of  mineral  parallel  to  the  walls. 

The  ore,  with  an  average  thickness  of  3  feet,  is  pyrargyrite  scattered 
in  quartz  {mosqueado),  but  is  more  evenly  distributed  in  the  gangue 
than  in  Santo  Nino,  and  is  associated  with  some  blue  and  green 
carbonates  of  copper.  A  sample  of  the  best  ore  (pepena)  yielded 
233"32  ounces  of  silver  and  0"08  ounce  of  gold  per  ton ;  one  of 
the  pinla  variety  gave  77"87  ounces  of  silver  and  0*20  ounce  of 
gold  per  ton.  A  sample  taken  right  across  the  face  assayed  30"33 
ounces  of  silver  and  0"1  ounce  of  gold  per  ton.  The  waste  gave  only 
about  2  ounces  of  silver  per  ton. 
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La  Gueva. — This  is  a  little  north  of  San  Joaquin.  The  vein  runs  a 
little  west  of  north,  and  dips  westward  50  degrees.  A  natural  hole  or 
cave  follows  the  course  of  the  vein  for  about  60  feet,  and  is  22  feet 
in  width.  On  the  eastern  side,  a  working  goes  in  12  feet,  and  has 
exposed  about  3|^  feet  of  ore  consisting  of  small  moscas  of  pyrargyrite 
in  white  opaque  or  transparent  quartz.  Near  the  mouth  of  the 
cross-cut  about  2  feet  of  better-class  ore  is  associated  with  stibnite. 
The  quartz  here  also  exhibits  the  spherical  radiated  structure  observal)le 
in  San  Angel.  The  ore  is  hand-picked  into  plnta  and  waste.  Limestone 
forms  the  eastern  wall  of  this  deposit. 

It  must  be  understood  that  the  workings  of  Santo  Nino,  San 
Angel,  San  Joaquin,  and  La  Cueva  are  not  all  on  the  same  vein, 
although  they  are  on  the  same  line  of  fracture.  In  Corazon  de  Jesiis, 
the  vein  is  split  up  into  several  curved  branches  (mainly  on  the  eastern 
side)  which  appear  to  unite  both  north-and -south — a  phenomenon  of 
frequent  occurrence  in  the  larger  veins  of  the  Republic  (e.g.,  the  reta 
grande  of  Zacatecas,  the  vela  madre  of  Guanajuato,  and,  in  a  lesser 
degree,  the  Yizcaina  vein  of  Pachuca). 

On  the  road  leading  in  an  easterly  direction  from  San  Pedro,  an 
immense  outcrop  of  quartz  is  seen  close  to  the  northern  boundary  of 
the  Corazon  de  Jesiis  claim.  It  measures  330  feet  across  the  general 
strike.  The  separate  branches  would  appear  to  be  united  here  in  one 
enormous  mass.  Further  north,  in  the  Bitite  claim,  the  vein  again 
throws  off  branches  on  its  "eastern  side,  and  in  these  stibnite*  occurs 
in  small  lumps  or  pockets.  A  little  west  of  Corazon  de  Jesus  the 
rock  has  a  thin-bedded  structure,  the  strike  of  the  layers  being 
north-north-west  and  the  dip  south.  An  adit-level  driven  some  dis- 
tance l)elow  the  above  workings  has  penetrated  limestone,  the  occur- 
rence of  which  below  the  andesite  cannot  fail  to  throw  considerable 
light  on  the  genesis  of  the  deposits. 

Between  Bitite  and  Esmeralda,  the  country  is  soft,  and  is  in  thin 
beds  trending  west-north-west  and  dipping  north-north-east.  Further 
west  the  dip  changes  to  west-south-west. 

Ascencion. — A  vein  here,  5  feet  thick,  courses  north-west  to  south- 
east and  dips  north-eastward  50  degrees.  There  is  a  band  of  ore,  12 
inches  thick,  on  the  hanging-wall,  and  another  smaller  one  on  the  foot- 
wall.  The  filling  is  highly  altered  rock  with  gossan  and  some  dull 
opaque  quartz  of  a  bluish  tint. 

*  The  ore  was  being  mined  by  gamhucinos,  antimony  metal  selling  in  the  city 
of  Oaxaca  at  §2 -5  (silver)  the  urruba  of  25  lbs.,  or  .^2(J0  per  short  ton. 
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A  sample  of  the  hanging-wall  baud  gave  by  assay  23'33  ounces  of 
silver  and  0'12  ounce  of  gold  per  short  ton.  Further  north,  the  vein 
bends  round  to  west-north-west. 

Salinas.^ — A  west-north-west  to  east-south-east  vein,  dipping  south 
60  to  65  degrees,  3  to  4  feet  thick,  has  a  pay-streak  on  the  hanging-wall 
3  to  9  inches  thick,  which  assays  up  to  200  ounces  of  silver  per  ton. 
The  rest  of  the  tilling  consists  of  soft  kaolinized  rock.  The  country- 
rock  here  has  a  bedded  structure,  the  layers  striking  west-south-westward 
and  dipping  flatly  to  the  north,  but  it  appears  to  be  much  contorted. 

Guadalupe. — This  working  is  a  little  to  the  west  of  San  Francisco 
(bis).  The  vein  trends  north-north-westward,  with  a  high  dip  to  the 
east.  The  fiUing  is  soft  whitish  and  greenish  altered  rock.  A  cinta, 
7  inches  thick,  of  mosqueado  lies  on  the  east  wall,  while  on  the  opposite 
side  there  is  a  3  inches  layer  of  similar  ore. 

Sixty  feet  further  west  is  a  parallel  vein  or  branch,  15  inches  thick, 
with  a  very  soft  filling.  The  east  wall  has  a  rinfa  of  mosqueado,  5  to  8 
inches  thick,  widening  below.  About  100  feet  further  north  on  the  same 
vein,  there  is  a  split  caused  by  a  lenticular  mass  of  hard  rock.  The 
leader  is  several  inches  thick  on  the  hanging-side  and  1  inch  or  so  on 
the  foot-wall  side  of  the  horse.  The  ore  is  mosqueado  in  white  and 
brownish  quartz,  forming  druses.  The  rock  is  very  hard  and  of  a'  grey 
colour,  stained  with  oxide  of  iron.  It  shows  no  embedded  crystals  of 
hornblende,  and  appears  to  be  a  felsite. 

A  little  farther  west  there  is  a  big  outcrop  of  what  appears  to  be  a 
dyke  of  felsite  trending  north-west  to  south-east  and  dipping  south- 
westward. 

Still  further  west  the  "  country  "  has  a  bedded  structure,  with  a 
general  north-north-west  to  south-south-east  direction,  and  a  flat  easterly 
dip. 

Mesquital.'\ — A  vein  with  a  somewhat  sinuous  course,  general  trend 
east-and-west,  and  a  northerly  dip,  occurs  in  a  light  greenish  rock, 
exhibiting  here  and  there  deep  blue  and  green  stains.  In  places  it  is 
white  and  felsitic.  The  vein  is  composed  of  sinuous  threads  of  ore 
dipping  north  70  degrees.  A  little  further  west  a  vein  is  seen  trending 
north-north-westward  and  dipping  west-south-westward.  The  threads 
of  ore  here  vary  from  a  knife-blade  to  2  or  3  inches  thick.     The  quartz 

*  The  strike  of  the  vein  is  shown  incorrectly  on  the  map.  t  Ibid, 
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of  the  vein  is  white,  with  bro^vnish  discolorations.     The  "  country  "  here 
trends  west-north-west,  and  dips  southward. 

^an  Rafael.''-' — The  rock  here  is  similar  to  the  last.  There  is  a  cinta 
on  the  hanging-.-^ail  side,  but  tlie  ore  appears  to  be  in  veinlets  of  brown 
quartz,  with  oxide  of  iron.  The  trend  is  west-north-west  to  east-south- 
east, and  the  dip  soutli ;  near  by  the  "  country  "  has  the  same  strike 
and  dij). 

Farther  south,  in  a  rocky  canon,  on  the  road  to  the  San  Antonio 
river  (4,075  feet  above  sea-level),  the  "  country  "  is  in  hard  thick  beds 
trending  north-north-west  to  south-south-east,  and  dipping  south  45 
degrees.  Near  the  river,  on  the  east  side  of  the  canon,  the  beds  are 
thinner  and  less  hard,  the  strike  being  north-west,  and  the  dip  north- 
east. 

San  Francisco  {bis). — Here  three  parallel  veins  occur,  only  one  of 
which  had  been  exposed  to  any  extent  at  the  time  of  the  writer's  visit. 

This  vein  had  been  sunk  on  70  feet  to  the  dip.  The  strike  is  north- 
west and  south-east,  varying  locally  to  west-north-west  and  east-south-east, 
and  the  average  dip  is  north-east  45  degrees,  varying  locally  from  40  to 
52  degrees.     The  filling  is,  more  or  less,  soft  mineralized  rock. 

The  hanging-wall  is  unusually  well  defined,  with  slickensides  and  a 
clay-selvage,  sometimes  dry  and  hard,  sometimes  wet  and  soft,  and  here 
and  there  strongly  impregnated  with  oxide  of  iron.  The  wall  rolls 
somewhat.  The  slickensides  are  not  quite  vertical,  ])ut  dip  at  a  very 
steep  angle  to  the  north-west,  showing  that  the  movement  on  the  wall 
has  been  a  somewhat  oblique  one. 

On  the  foot-wall  side,  the  vein  is  harder  and  contains  some  calcite 
and  small  cubical  crystals  of  iron-pyrites.  The  "  country  "  on  this  side 
exhibits  a  light-coloured  felspathic  base  in  which  are  embedded  small 
light  greenish  crystals  of  hornblende,  the  whole  being  highly  charged 
with  iron-pyrites. 

The  vein  at  and  near  the  surface  consists  of  colorados.  On  the 
hanging-wall  side  are  two  ribs  of  oxidized  ore,  each  6  inches  in  thick- 
ness, separated  by  C  inches  of  "  country."  In  the  bottom  of  the  shaft 
(70  feet  on  the  dip)  there  is  but  one  cinta  on  the  hanging-wall  side  which 
shows  a  slight  pinta  of  silver  sulphide.  The  ore  would  appear  to  be 
changing  here  into  the  class  known  as  negros.  Between  the  two  classes 
of  ore  {colorados  and  negros)  the  filling  is  confused,  consisting  of  soft 

*  The  strike  of  this  vein  is  not  shown  correctly  on  the  plan. 
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highly  altered  rock  with  black  stains  and  patches,  and  with  some  oxide 
of  iron  and  quartz. 

The  nearest  parallel  vein  to  the  east  dips  45  degrees  and  has  a  cijita 
of  oxidized  ore  15  inches  thick. 

The  veins  of  San  Francisco  {bis)  appear  to  be  of  the  class  known  as 
"  fissure- veins,"  and  are  quite  distinct  in  appearance  from  the  other 
deposits  examined  in  this  district. 


The  President  moved  that  a  hearty  vote  of  thanks  be  accorded  to 
^Ir.  Halse  for  his  valuable  paper.  He  might  add  that  Mr.  Halse  had 
contributed  many  papers  to  the  Transactions, 

The  motion  was  cordially  approved. 


7h^  Jnsi 


^Op^aluuf  WntoTty  G)Uzery  "etc^ 


'ngs  of  Vinton  Colliery  No.  3, 


Vol.  XVm.PLATE  ATE. 


PROGRESS    OF    LONGWALLS. 

District  A  — Finished. 

M        B— Partially  Finished. 

c-      „ 

D— Just  Started. 
E— Ready  to  Start. 


North  o 


Vol  XUX.  Plate  m 


lb  UImtJYileMCkuwceRaa/flwnis'3escripUonorji'esent<mdProposedM  J^ntorv Colliery  "etc. 


Fig.  I. 

^J^^-^ 

S 

,y  ■^ 

^ 

1^^ 

\J\ 

^ 

? 

"^ 

1   JT'^' 

/ 
/ 

^''^^\ 

1 

I 

^ 

\  ^ 

/ 

-V</, 

^^v^     ***«| 

A 

V 

.\ 

~N.\</ 

/  f 

/^^^^^       "  *^^< 

A    X 

Vo>W 

^.' 

>y    ^^^fe 

^%       X 

*« 

rs 

^■^       X'"' 

%, 

X    ' 

V 

\              '■?■ 

v^*<-' 

\ 

\ 

V^- 

% 

^\\  V, 

\ 

> 

T  ^ 

°°^'--'»  \  \^  ~' 

^ 

\  ff^ 

Y\ 

^ 

i 

iV^ 

I- 

V 

Fib.  2.-PLAN  Illustrating  the  Workings  of  Vinton  Colliery  No.  3, 

Vl  NTONDALE,     PENNSYLVANIA. 


Stale,  1.7S0  Feet  to  1  Inch. 


Ui 

M 

Di 


]D 


a 


O     L J^^^'^n.Qsgjgjj.^j^'^ggQAgigo-gBS.B.'-B 


i£Zi  □  □□□.□i.gjg  D  pL 


Scale.  2S0  Feet  (o  ;  Inch. 


JuBT  Started. 
E— Ready  to  Start. 


Iforck  of  En^lcui.d  InstttMe  of  Hmiw/  A KechamcaJ.  Snotf 
rmmtuMons  JiSS-1900 


7^. 


Ou/  Veins  of'Mexwo'! 


voLXvm.PzArE  xm 


w  Hand-Arrastre. 
Feet  to  1  Inch. 


Fig.  5.  — Plan 


KNCisco  his 


"*'  "e^sos 


^D  San  Pedro 


Norn 


VoL.MIX./'iAirr  IV. 


2ktj^uKuu'^^Mfu„)£'^i-«'^t  j'q  iiUistrcUe'.M^^.Hcdses Paper  orv''Sonie/SiIver-becu'uia  Veins  o/' Mexico': 


Vol  z^iwhMf.  .ivni 


Fig,  3^-Sketch   Plan  of  Silver_Lodes  atlTaviches. 

Approximate  Scale,  3  Miles  to  1  Inch. 


NorVi  of En^huui  In^tUtUi  ^fKvun^  i  ^fecharucai  Fn/jwie^s 
Thojisiceions  l?9S-i3(Jf- 


Ana-RtidiCoicp-ri'*  NewasaeonTyne 


lb;.  JZiT./";.i//  W. 


TRANSACTIONS.  119 


THE  NORTH  OF  ENGLAND  INSTITUTE  OF  MINING  AND 
MECHANICAL  ENGINEERS. 


GP]NERAL  MEETING, 

Held  in  the  Wood  Memorial  Hall,  Newcastle-upon-Tyne, 

April  28th,  1900. 


Mr.  THOMAS  DOUGLAS,  Past-President,  in  the  Chair. 


The  Secretary  read  the  minutes  of  the  last  General  Meeting  and 
reported  the  proceedings  of  the  Council  at  their  meetings  on  March  31st 
and  that  day. 


The   following    gentlemen    were    elected,    having    been    previously 
nominated  : — 

Members — 

Mr.    George   Marriott   Barber,    Mining    and    Metallurgical    Engineer, 

Soemalata,  Celebes,  Dutch  East  Indies. 
Mr.  John  Charles  Binks,  Colliery  ^Manager,  Norcliard  Colliery,  Lydney, 

Gloucestershire. 
Mr.   Wallace  Broad,  Geologist,  Mineral  Surveyor  and  Mining  Engineer, 

P.O.  Box  283,  Bulawayo,  Rhodesia,  South  Africa. 
Mr.    William    Henry     Clark,     Mining     Engineer,     108,     Cantonment, 

Kampthee,  Central  Provinces,  India. 
Mr.  Konrad  Ernst  Richard  Engel,  Bergnieister,  Linden- Allee,  67,  Essen 

(Ruhr),  Germany. 
Mr.    Edwin   Richard   Field,    Mining   Engineer,    11,    Ironmonger    Lane, 

London,  E.C. 
Mr.    Henry    Gore,    Civil    and     Mining    Engineer,    Superintendent    and 

Consulting  Engineer  to  the  Victorian   Gold  Estates,  Limited,   395, 

Collins  Street,  Melbourne,  Victoria,  Australia. 
yiv.  F.   Graham,   Colliery   Manager,    West   Huuwick   Colliery,   Hunwick 

R.S.O.,  Co.  Durham. 
Mr.  Pablo  Haehner,  Minnig  Engineer,  Bilbao,  Spain. 
Mr.  Robert  Stuart  Hilton,  Colliery  Manager,  Thorn  Lea,  St.  Ann's,  St. 

Helen's,  Lancashire. 
Mr.    Peter  Kirkegaard,    General    Superintendent,   Canadian   Goldfields, 

Limited,  Deloro,  Hastings  County,  Ontario,  Canada. 
Mr.  James  Malcolm  Maclaren,  Surveyor,  Coromandel,  New  Zealand. 
Mr.   Stephen  Roberts,  Mining  Engineer  and  Manager,  Penlan,  Trefriw, 

R.S.O.,  North  Wales. 
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Mr.  William  Sutton,  Mechanical  Engineer,  Baltic  House,  Baihani  Hill, 

London,  S.W. 
Mr.    Sidney    Bristow    Wright,    Chemist    and    Metallurgist,    Canadian 

Goldfields,  Limited,  Deloro,  Hastings  County,  Ontario,  Canada. 
Associates — 
Mr.  Joseph  George  Herriotts,  Deputy-overman,  15,  Gladstone  Terrace, 

Binchester,  Co.  Durham. 
Mr.  Albert  J.  Jeffery,  Colliery  Official,  6,  Bowlby  Street,  Houghton-le- 

Spring,  K.S.O.,  Co.  Durham. 
Student — 
Mr.   William   Charles  Mitchell- Withers,   Mining   Student,  School  of 

Mines,  Camborne,  Cornwall. 


DISCUSSION  OF  MR.  J.  EMERSON  DOWSON'S  PAPER  ON 
"METRIC  WEIGHTS  AND  MEASURES."* 

Mr.  J.  H.  Merivale  said  that  engineers  who  had  had  practical 
acquaintance  with  the  use  of  the  metric  system  seemed  to  be  strongly  in 
favour  of  it.  In  his  own  experience  as  a  colliery-apprentice  in  Belgium, 
he  found  that  the  metric  system  facilitated  the  ordinary  work  which  a 
colliery-apprentice  had  to  perform.  It  had  been  objected  that  the 
metric  system  was  not  adopted  in  the  United  States  of  North  America 
and  in  Russia.  Although  strictly  speaking  it  was  true  that  the  metric 
system  was  not  used  in  America,  yet  they  had  a  decimal  monetary 
system,  and  therefore  the  Americans  could  not  be  said  to  take  the  view 
of  the  matter  generally  accepted  in  Great  Britain.  No  doubt,  to  make 
the  change  now  would  strike  British  engineers  as  appalling,  and  whether 
it  was  possible  to  do  so  he  could  not  say,  but  if  it  could  be  done,  mining- 
engineers  would  find  metric  weights  and  measures  a  very  great 
convenience. 

Mr.  T.  E.  FoRSTER  said  that  engineers  who  were  interested  in  this 
subject  would  find  both  sides  of  the  question  very  ably  treated  by  Dr. 
Sellers  in  Gassier' s  Maijazinej]  That  gentleman  had  used  both  systems 
in  two  separate  engineering  works. 

Dr.  Coleman  Sellers  (Philadelphia,  U.S.A.)  wrote  that  the  paper 
appearing  in  Gassier's  Ma//azine  passed  through  the  press  while  he  was 
absent  in  Switzerland,  and  was  misleading,  inasmuch  as  it  seemed  to  be 
a  recent  expression  of  his  opinion,  wlien  in  point  of  fact  it  was  a  copy  of 
a  paper  read  many  years  ago  which  the  editor  of  the  magazine  thought 
it  would  be  interesting  to  have  reproduced.     The  editor  had  used  part  of 

*  Trans.  Inst.,  M.E.,  1899,  vol.  xvii.,  page  326. 
t  1900,  vol.  xvii.,  page  365. 
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a  letter  written  to  him  on  the  subject  as  a  prehide,  with  no  indication  of 
the  fact  that  the  paper  was  not  a  new  production.  His  (Dr.  Seller's) 
effort  had  been  to  uphold  the  legality  of  the  use  of  the  metric  system, 
but  not  to  force  it  upon  the  country  to  the  exclusion  of  existing 
metrology.  As  science  advanced  any  unit  convenient  for  a  new  line  of 
work  was  readily  adopted,  but  its  adoption  need  not  be  used  as  an 
argument  against  what  was  good  in  the  system  that  had  prevailed  for  so 
many  years  and  had  Ijecome  fixed  by  usage. 


Mr.  W.  Taylor  Heslop'.s  paper  on  "  The  Coal-fields  of  Natal,"  was 
read  as  follows  : — 
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THE  COAL-FIELBS  OP  NATAL. 


By  WM.  TAYLOR  HESLOP,  Dundee,  Natal. 


Geology. 

Although  the  coal-fields  of  Xatal  have  already  been  described  in  the 
Transactions,  the  developments  of  recent  years  have  been  so  great  that 
the  writer  feels  no  apology  is  necessary  for  again  bringing  the  subject 
before  the  members. 

Compared  with  the  other  coal-fields  of  South  Africa,  the  Natal  coal- 
field attracts  especial  interest ;  it  is  the  only  one  that  presents  any  special 
geological  or  mining  difficulties  ;  and  it  produces  the  best  quality  of 
coal  of  any  of  the  developed  fields  of  South  Africa. 

The  Coal-measures  of  South  Africa  are  usually  considered  to  belong 
to  the  Triassic  formation,  but  their  precise  geological  horizon  can  by  no 
means  be  regarded  as  definitely  determined. 

In  correlating  the  sedimentary  formations  of  South  Africa  with  those 
of  Europe,  the  great  difficulty  is  the  extreme  paucity  of  fossil  remains  in 
the  South  African  measures.  In  the  Coal-measures,  there  have  been 
discovered  the  following  fossils : — GJossopteris  at  Vereeniging  and 
Middelburg,  in  the  Transvaal ;  and  impressions  of  this  fern  are  com- 
paratively common  in  Natal.  Galamites  has  been  observed  by  Mr.  A.  E. 
Sawyer  at  Grootvlei,  near  Heidelberg,  in  the  Transvaal,  and  also  in 
Natal.  SigiJlaria  has  been  found  at  Yereeniging  and  in  the  Middelburg 
district  of  the  Transvaal.  Vertebraria  has  been  found  at  Hammanskraal, 
near  Pretoria,  and  also  at  Yereeniging.  Noeggeraihiopsis  Hislopi  was 
discovered  in  a  sandstone  underlying  the  coal  at  Yereeniging.  Certain 
undetermined  fncoids  have  also  been  found  in  the  Natal  Coal-measures. 

From  the  occurrence  of  these  distinctive  Carboniferous  fossils,  it 
might  readily  be  assumed  that  the  South  African  Coal-measures,  like 
their  European  equivalents,  belonged  to  the  true  Carboniferous  series. 
Unfortunately  for  this  hypothesis,  in  the  Stormberg  district  of  Cape 
Colony,  reptilian  fossils  (of  undoubted  Triassic  age)  occur  in  the  Beaufort 
Beds  immediately  underneath  the  Coal-measures.  To  explain  such  con- 
tradictory evidence  two  main  hypotheses  have  been  put  forward, 
namely : — 

(a)  That  all  South  African  Coal-measures  belong  to  the  Triassic 
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epoch,  and  that  the  Carboniferous  fossils  found  in  them  are  survivals 
from  Carboniferous  times,  which  are  probably  peculiar  to  the  Southern 
Hemisphere.  In  support  of  this  theory  it  may  be  remarked  that  in 
other  parts  of  the  Southern  Hemisphere  there  is  evidence  of  such 
survivals,  of  which  the  marsupials  and  certain  varieties  of  Linrjula,  in 
AustraUa,  are  the  most  prominent  examples.  With  the  exception  of 
Glossopferis,  which  is  also  found  plentifully  in  the  Triassic  coal-deposits  of 
India,  fossil  impressions  are  very  rare  in  all  South  African  Coal-measures. 
Of  course  such  an  hypothesis  seems  to  undermine  the  fundamental  basis 
of  geological  classification,  and  in  consequence  is  not  readily  accepted. 

(b)  The  other  hypothesis  is  that  the  Stormberg  coal-beds  of  Cape 
Colony  are  of  Triassic  age  (the  evidence  of  the  underlying  reptilia  being 
indisputable);  but  the  other  coal-deposits,  namely,  Yereeniging  and 
Middelburg  in  the  Transvaal,  and  Xatal,  are  Carboniferous  or  Permo- 
Carboniferous,  and  thus  there  have  been  two  distinct  periods  of  coal- 
deposition  in  South  Africa.  Mr.  Dunn,  late  Government  Geologist  of 
Cape  Colony,  has  been  the  principal  exponent  of  tliis  theory.  He  found 
at  Vereeniging  the  coal  directly  overlying  the  Dwyka  Conglomerate 
(hereinafter  referred  to),  whereas  in  the  Stormberg  Beds,  the  coal  is 
underlain  by — (1)  the  Beaufort  Beds,  and  (2)  below  them,  the  Ecca 
Beds.  Hence  he  contends  that  there  is  a  great  probability  of  a  large 
coal-field  existing,  at  a  considerable  depth,  and  over  a  large  area  of  Cape 
Colony  and  the  Orange  Free  State  ;  a  coal-field  having  its  horizon 
immediately  above  or  in  the  Dwyka  Conglomerate  (much  older  than  the 
Stormberg  coal-seams),  and  separated  from  it  by  the  Beaufort  Beds  and 
Ecca  Beds.  So  far,  however,  the  prospecting  that  has  been  done  has 
failed  to  prove  the  existence  of  these  assumed  coal-deposits. 

In  Xatal,  the  Beaufort  Beds,  the  Ecca  Beds,  and  the  Dwyka  Con- 
glomerate are  found  in  regular  sequence  underlying  the  Coal-measures, 
although  no  reptilian  fossils  have  as  yet  been  discovered  in  them.  From 
these  facts,  it  may  be  concluded  that  the  Xatal  and  Cape  Colony  Coal- 
measures  occupy  the  same  geological  horizon,  and  there  can  be  little 
doubt  that  the  Xatal  and  the  Transvaal  coal-deposits  likewise  belong  to 
the  same  period:  although  in  the  Transvaal  the  Ecca  and  Beaufort  Beds 
are  non-existent,  and  the  Coal-measures  rest  directly  on  either  the  Dwyka 
Conglomerate  or  older  measures. 

With  so  many  disputed  points  in  the  way  of  a  proper  geological 
classification,  the  only  satisfactory  course  was  to  adopt  a  separate 
classification  altogether  for  South  Africa,  which,  as  laid  down  by  the 
State  Geologist  of  the  Transvaal,  Dr.  MolengraafF,  is  as  follows  : — 
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(1)  Upper  Karoo  Beds. 

(2)  Lower  Karoo  Beds  : — 

(a)  Molteno  Beds — Coal-measures. 

{!))  Beaufort  Beds — Shales  and  sandstones,  with  reptilia. 

(c)  Rcca  Beds — Hard  blue  shales. 

(d)  Dwyka  Conglomerate — A  glacial  deposit,  with  blue  shaly 

matrix. 

(3)  Table  Mountain  Series  : — 

(a)  Gatsrand  Sandstones — Coarse  sandstone  and  grits. 

(b)  Dolomites — Dolomitic  limestone  overlying  the  Black  Reef, 
(p)  Witwatersrand  Beds — Quartzites,  slates  and  gold-bearing 

conglomerates. 

(4)  Barberton  Series  : — 

Quartzites,  slates  and  schists  containing  the  gold-bearing 
fissure-veins  of  Barberton,  Zululand,  Murchison  Range, 
Lydenburg,  and  Rhodesia. 

In  Cape  Colony,  the  Coal-measures  are  found  overlying  the  Beaufort 
Beds;  at  Vereeniging  they  lie  directly  upon  the  Dwyka  Conglomerate; 
and  in  the  Brakpan,  and  parts  of  the  Middelburg  district  they  also 
overlie  a  conglomerate,  which  is  probably  of  Dwyka  age,  although 
different  in  character  from  what  is  generally  associated  with  the  Dwyka 
Conglomerate,  the  matrix  being  a  coarse  sandstone  instead  of  a  fine  hard 
blue  shale  ;  but  the  enclosed  pebbles  and  boulders  are  the  same,  namely, 
quartz,  quartzite,  slate,  and  granite,  from  the  older  formations.  At 
Cypherfontein,  south  of  Krugersdorp,  the  coal  lies  directly  upon  the 
dolomite  ;  and  at  Boksbm'g  it  rests  upon  the  Witwatersrand  formation 
(the  Main  Reef  Series  passing  directly  under  the  workings  of  the 
Wishaw  colliery). 

South  African  coal  is  generally  considered  to  be  a  subaqueous  and 
lacustrine  deposit.  The  late  Prof.  Green  found  in  some  of  Cape 
Colony  coal,  under  microscopic  examination,  a  distinct  concretionary 
structure,  and  the  writer  has  observed  the  same  peculiarity  in  coal  from 
the  Brakpan  district  of  the  Transvaal,  where,  after  weathering,  the 
concretionary  layers  of  carbonaceous  matter  readily  peeled  off. 

South  African  coals  may  be  divided  into  three  classes,  as  dis- 
tinguished by  the  appearance  of  the  coal  alone  : — 

(a)  Bright  coal,  similar  in  appearance  to  British  bituminous  coal, 
showing  a  cubic  cleavage,  but  with  more  distinct  horizontal  lamination 
than  British  coal. 
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(b)  Dull  coal,  similar  to  splint  coal,  with  cubic  or  irregular  cleavages, 
but  often  with  a  coarse  grain,  and  always  with  a  much  higher  proportion 
of  ash  than  the  bright  coal,  with  which  it  is  immediately  associated.  It 
is  not  confined  to  any  particular  horizon  in  the  seam.  More  generally  it 
is  found  in  the  upper  portion,  but  it  is  often  interspersed  in  layers 
throughout  the  seam,  and  may  change  in  position  and  thickness  within  a 
very  short  distance. 

(c)  Semi-bright  coal,  a  fine  grained  coal  with  a  conchoidal  fracture, 
and  no  lamination.  In  appearance  it  resembles  some  of  the  "Welsh  or 
Irish  anthracites,  but  with  a  graphitic  lustre.  It  contains  from  25  to 
35  per  cent,  of  ash,  and  the  upper  and  unworked  portion  of  the  Clydes- 
dale (Transvaal)  coal-seams  forms  a  good  example. 

The  dull  coal  and  bright  coal  are  often  found  interlaminated,  the  one 
gradually  merging  into  the  other.  In  all  the  bright  coal,  narrow  bands, 
from  .}.j  to  I  inch  in  thickness,  of  dull  coal  occur.  The  conclusion  as 
to  the  origin  of  the  coal,  drawn  from  the  writer's  observations,  is  that 
the  bright  coal,  like  its  European  ecjuivalent,  grew  as  vegetable  matter, 
and  was  deposited  in  situ  ;  while  the  dull  coal,  on  the  other  hand,  was 
transported  by  water  in  the  form  of  decaying  vegetable  matter,  and 
during  such  transportation  was  subject  to  disintegrating  influences, 
losing  a  portion  of  its  volatile  constituents,  and  acquiring  a  portion  of 
the  muddy  impurities  from  the  flooded  waters  which  brought  it  to  its 
present  position.  In  confirmation  of  this  theory  it  may  be  observed 
that  the  dull  coal  invariably  contains  less  volatile  matter  than  the  bright 
coal,  (which  would  be  covered  up  by  superincumbent  matter  before  any 
great  quantity  of  its  volatile  constituents  could  be  disseminated  by 
natural  decay)  ;  while  the  dull  coal,  in  course  of  transportation  and  con- 
sequent abrasion  and  division  into  finer  particles,  would  lose  more  of  its 
volatile  matter.  Again,  transportation  by  flooded  waters  would  natu- 
rally result  in  the  incorporation  of  muddy  impurities  in  the  drift- 
formed  coal,  and  we  find  that  the  dull  coal  always  contains  a  larger  pro- 
portion of  ash  than  the  bright  coal  with  which  it  is  immediately  asso- 
ciated. The  streaks  of  dull  coal  in  the  bright  coal  would  be  accounted 
for  by  the  periodic  flooding  of  the  Carboniferous  swamps,  in  which  the 
coal  had  its  origin  ;  and  such  periodic  floods  are  always  much  more 
violent  in  tropical  than  in  temperate  climates. 

It  is  a  further  noteworthy  feature  of  the  South  African  coal-fields 
that  where  the  seams  are  abnormally  thick  there  is  a  greater  proportion 
of  dull  and  impure  coal,  and  the  seams  are  less  constant  in  character  and 
continuity  than  the  seams  of  medium  thickness.     Thus  the  seams  of 
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Natal,  which  are  comparatively  thin,  contain  much  less  dull  or  impure 
coal,  and  are  more  uniform  in  thickness  and  character  than  those  of 
the  Transvaal,  which  are  found  to  be  of  greater  thickness,  but  very 
variable  in  character.  At  Boksbnrg.  there  is  seldom  more  than  6  inches 
of  bright  coal  in  a  total  thickness  of  12  feet.  In  the  Springs  district, 
there  is  about  6  feet  of  bright  coal  in  a  total  thickness  of  30  to  60  feet. 
At  Middelburg,  it  is  seldom  that  half  the  thickness  of  the  seam  consists 
of  bright  coal :  whilst  in  Natal  there  is  rarely  more  than  6  inches  of  dull 
coal  in  the  seam. 

The  Coal-Field. 

The  Natal  coal-field  occupies  the  northern  portion  of  the  colony, 
forming  a  triangle  of  which  the  base  is  a  line  drawn  east  and  west  across 
the  colony,  about  12  miles  north  of  Ladysmith  ;  and  the  two  sides  are, 
roughly  speaking,  the  boundaries  of  the  colony  to  the  north  of  that  line 
(Fig.  1,  Plate  XXL).  The  average  elevation  above  the  sea  is  about 
4,000  feet,  although  near  Langs  Nek  coal  is  found  almost  5,000  feet 
above  sea-level  (Fig.  2,  Plate  XXIL).  The  gross  area  of  the  coal-field 
is  about  1,800  square  miles,  but  only  a  fraction  of  that  area  contains 
workable  coal. 

From  a  careful  comparison  of  the  accompanying  sections  (Fig.  5, 
Plate  XXIL),  it  will  be  seen  that  there  are  only  two  workable 
sections,  of  from  2^  to  9  feet,  and  averaging  from  4  to  G  feet  in 
thickness.  These  two  workable  sections  are  made  up  of  four  different 
seams,  and  owing  to  considerable  variations  in  the  thickness  of  the 
intervening  strata,  the  working  sections  at  the  different  mines  are  made 
uj)  of  one,  two  or  three  of  these  component  seams  of  coal. 

The  feams  have  been  found  at  all  depths  up  to  500  feet,  but  most 
of  the  existing  mines  are  working  at  depths  of  less  than  300  feet.  The 
deepest  shaft,  at  present,  is  that  of  the  Durban  Collieries  Syndicate  at 
Dannhauser,  which  is  500  feet  deep.  It  is  probable  that  workable  coal 
may  be  found  at  a  greater  depth  on  the  western  portion  of  the  coal-fields, 
but  up  to  the  present  it  remains  unproved.  The  strata  underlying  the 
main  seam  of  coal  have  been  bored  to  a  further  depth  of  over  400  feet  at 
the  South  African  collieries  ;  5()U  feet  at  the  New  Campbell  collieries  ; 
and  5G2  feet  at  Kleinfontein,  south  of  Elandslaagte,  without  proving  any 
more  workable  coal. 

Throughout  the  entire  coal-field,  the  seams  lie  very  nearly  level, 
being  subject  only  to  local  undulations,  rarely  exceeding  an  inchnation  of 
1  in  30  from  the  horizontal,  and  there  is  a  very  slight  general  dip,  not 
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exceeding  1  in  200,  in  a  south-westerly  direction.  Displacements  of  the 
measures  by  ordinary  faulting  are  very  rare,  and  the  seams  of  coal  are 
more  constant  in  quality  and  thickness  than  are  those  of  any  other  coal- 
field in  South  Africa,  although  by  no  means  as  constant  as  British  coal- 
seams  ;  and  to  commence  mining  without  careful  preliminary  boring  and 
testing  of  bore-holes  is  only  to  court  disaster. 

Enormous  outbursts  of  intrusive  igneous  rock  (dolerite  or  whinstone) 
form  the  most  important  feature  of  the  coal-fields,  either  from  a 
geological  or  mining  standpoint.  The  whole  of  the  northern  district  of 
Xatal  is  intersected  by  great  vertical  dykes  of  dolerite,  which  have  over- 
flowed (both  as  cappings  and  as  intrusive  sheets)  over  very  large  areas  of 
the  country.  On  the  property  of  the  New  Campbell  collieries,  a  dyke 
has  been  proved  which  probably  exceeds  1,200  feet  in  thickness.  On  the 
property  of  the  South  African  collieries,  a  horizontal  intrusive  sheet  has 
been  proved  by  bore-holes  and  shafts,  in  thickness  from  132  to  157  feet  ; 
in  length,  extending  from  Dundee  to  Glencoe,  for  a  distance  of  6  miles  ; 
and  in  an  area  not  less  than  18  square  miles.  Not  a  single  working  col- 
liery can  lay  claim  to  be  free  from  disturbance  by  these  intrusive  dykes 
and  sheets.  Denudation  has  removed  the  softer  Coal-measure  sandstones 
and  shales,  and  left  standing  the  harder  dolerite,  and  in  consequence 
nearly  every  hill  or  kopje  carries  a  capping  of  dolerite-boulders. 

To  digress  for  a  moment,  it  may  be  pointed  out  that  in  the  present 
war  the  Boers  have  almost  invariably  taken  up  positions  on  kopjes 
covered  with  these  dolerite-boulders,  which  form  an  admirable  cover,  and 
constitute  their  favourite  fighting-ground. 

That  the  horizontal  dolerite -sheets  are  intrusive  in  character,  and 
not  merely  surface- deposits  or  submarine  deposits  contemporaneous 
with  the  deposition  of  the  Coal  measures,  is  proved  by  observations  made 
by  the  writer  at  the  South  African  collieries.  There  the  sandstones  at 
the  point  of  contact  with  the  dolerite-sheet,  both  above  and  below  it, 
have  been  fused  into  a  hard  quartzite  by  the  heat  from  the  igneous 
rock.  It  is  further  proved  l;)y  the  occurrence  of  the  horizontal  sheets  at 
varying  horizons  relative  to  the  coal-seams,  and  there  can  be  no  doubt 
that  the  period  of  so  extensive  a  plutonic  eruption  was  subsequent  to 
that  of  the  deposition  of  the  Coal-measures. 

The  effect  of  ttis  plutonic  activity  on  the  coal  has  been  to  alter 
all  of  it  in  immediate  proximity  into  an  anthracite,  or  semi-anthracite 
— by  the  heat  from  the  molten  igneous  rock  driving  off  a  portion  of  the 
volatile  matter  from  the  coal.  No  definite  rule  can  be  laid  down  to 
determine  the  distance  from  a  dyke  or  sheet,  over  which  the  coal  is 
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affected  by  it.  But  roug-hly  speaking,  the  coal  is  found  unaffected  at 
a  distance  from  the  dyke,  equal  to  the  thickness  of  the  dyke.  At  the 
first  shaft  of  the  South  African  collieries,  coal  8()  feet  distant  from  a 
horizontal  sheet  of  dolerite  153  feet  in  thickness  was  found  to  contain 
8" 6  per  cent,  of  volatile  matter,  compared  with  18  per  cent,  at  the  adjoining 
mine  ;  that  is,  it  may  be  inferred  that  9*4  per  cent,  of  the  volatile 
matter  had  been  driven  off.  At  the  New  Campbell  colliery,  an  enormous 
dyke,  1,200  feet  or  more  in  width,  was  struck  at  about  100  feet  from 
the  shaft.  At  the  shaft,  the  coal  was  found  to  contain  only  4  per  cent. 
of  volatile  matter.  In  a  pair  of  main  drifts,  at  right  angles  to  the  dyke, 
the  coal  gradually  increased  in  volatile  matter  as  the  distance  from  the 
dyke  increased.  At  1,200  feet  from  the  dyke,  a  test  made  by  the  writer 
gave  15  per  cent,  of  volatile  matter.  At  1,400  feet  from  the  dyke  (the 
present  working-face),  another  test  gave  19  per  cent,  of  volatile  matter  ; 
the  coal  showed  indications  of  a  coking  character,  and  that  the  verge 
of  the  affected  area  had  been  reached,  the  coal  having  gradually  changed 
in  nature  from  anthracite  to  bituminous.  Under  favourable  conditions 
of  draught  and  furnace,  and  when  fired  lightly  and  frequently,  and  with 
only  sufficient  stirring  to  remove  ash  and  clinker,  coal  with  from  10  to 
15  per  cent,  of  volatile  matter  will  give  fairly  good  results  for  steam 
purposes  ;  but  for  general  use,  and  when  placed  in  the  hands  of  Kaffir 
and  coolie  firemen,  who  are  accustomed  only  to  bituminous  coal,  it  is  not 
found  suitable,  and  a  coal  with  less  than  15  per  cent,  of  volatile  matter 
will  not  find  a  ready  market  for  steam  or  household  use.  There  is  at 
present  a  very  small  demand  for  anthracitic  coal  for  malting  purposes. 
The  opening  up  of  the  Transvaal,  by  the  removal  of  the  duty  upon  coal, 
may  cause  a  demand  for  limited  quantities  of  anthracite  for  metallurgical 
purposes,  in  place  of  coke.  For  the  supply  of  the  present  markets, 
therefore,  anthracitic  coal  is  of  no  value,  and  we  can  only  reckon  on  the 
bituminous  areas. 

The  occurrence  of  the  dolerite-intrusions  is  so  extensive,  and  their 
influence  is  so  widespread,  that  probably  more  than  half  of  the  Natal 
coal-field  has  been  affected  in  this  way.  Indeed,  in  certain  large  areas 
that  have  been  examined  in  detail  by  the  writer,  nearly  thvee-fouiths  of 
the  coal  was  found  to  be  affected  by  igneous  action. 

Reference  to  the  sections,  No.  1  to  No.  4  (Fig.  5,  Plate  XXII.) 
shows  that  the  seams  to  the  south  of  the  Biggarsberg  range  are  much 
thinner  than  those  to  the  north  of  it,  and  the  experience  of  several 
ventures  has  proved  that  notwithstanding  the  advantage  of  lower  railway- 
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rates  (with  the  exception  of  Elandslaagte  colliery),  the  coal  south  of  the 
Biggarsberg  is  unable  to  compete  with  that  to  the  north.  Estimates  of 
the  workable  areas  of  coal  under  present  conditions  can  only  include  the 
districts  from  Glencoe  to  Newcastle,  or  about  560  square  miles,  out  of  a 
total  area  of  1,800  square  miles.  From  that,  also,  large  deductions 
must  be  made  : — For  the  areas  of  coal  affected  by  igneous  action  ; 
for  areas  from  which  the  coal  has  been  denuded  ;  and  for  areas  of 
inferior  coal,  which  would  leave  about  150  square  miles  of  workable  and 
saleable  coal  under  present  conditions.  With  an  allowance  of  25  per 
cent,  for  waste,  including  abandoned  pillars  and  unsaleable  dross,  there 
is  left  a  total  of  about  764,000,000  tons  of  available  coal. 

The  annual  output  of  coal  in  Natal  during  the  last  ten  years  has  been 
as  follows  : — 


Yeai-. 

Tons. 

1889 

25,609 

1890 

81,547 

1891 

87,774 

1892 

..   142,160 

1893 

129,925 

Year. 

Tons. 

1894 

141,010 

1895 

160,115 

1896 

216,106 

1897 

243,960 

1898 

387,811 

During  the  month  of  September,  1899,  the  last  full  month's  working 
before  the  commencement  of  the  war,  the  output  from  the  different 
mines  was  as  follows  : — 

Namei3  of  Collieries.  Tons.  Names  of  Collieries.       Tons. 

Dundee           ...  14,502  East  Ler.noxton        503 

Natal  Navigation  9,298  West  Lennoxton      317 

Elandslaagte...  6,343  New  Campbell            12 

St.  George's...  6,138                                                      

Natal  Marine  2,163                               Total...          40,351 

Newcastle      ...  1,075                                                      — =^ 

Of  this  amount,  19,-107  tons  were  sold  for  bunkering  trade  at  Durban, 
and  508  tons  were  exported.  In  its  production,  128  Europeans,  1,678 
natives,  and  878  Indians  were  employed. 

WOKKING    COLLIEEIES. 

(1)  The  Dundee  Oollieries. — These  collieries  have  always,  and  still 
occupy  the  leading  position  among  the  producing  mines.  Coal  has  been 
worked  there  during  the  last  'do  years,  although  not  to  any  great  extent 
until  some  10  years  ago,  when  the  output  reached  4,000  tons  per  month  ; 
and  it  was  not  until  two  years  ago  that  it  had  to  meet  competition  from 
other  collieries  to  any  considerable  extent.  Withanea'sdy-worKed  seam, 
4  feet  thick  at  from  40  to  80  feet  in  depth,  it  presents  no  mining 
difficulties.     Coal  has  been  workid  from  six  different  shafts,  three  of 
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which  are  being  worked.  The  coal  is  worked  on  the  bord-and-pillar 
system,  by  natives  and  coolies  under  European  supervision.  The  natives 
are  paid  from  £1  to  £2  5s.  per  month,  and  provided  with  food  and 
housing.  The  coolies  are  brought  by  the  Colonial  Government  from 
India,  under  a  five  years'  indenture,  at  a  wage  of  about  12s.  6d.  per 
month  with  food  and  lodging.  A  Jeffrey  electric  coal-cutting  plant  will 
shortly  be  installed  at  the  mine.  The  coal  produced  has  the  following 
average  analysis  : — 

Per  cent. 

Volatile  matter 16"63 

Fixed  carbon         ...         ...         ...         70  "oS 

Sulphur      4-18 

Ash S-66 

Although  higher  in  sulphur  and  ash  than  some  of  the  competing 
coals,   the  larger  proportion  of  fixed  carbon  enables  it  to  hold  its  own. 
The  coal  is  prepared  over  fixed  screens. 

(2)  The  Natal    Navigation    Collierie><. — The   collieries  are   situated 
about  4  miles  from  the  Natal  Government  Railway,  with  which  they  are 
connected  by  means   of  a  branch-line.      The  coal    is  reached  by  two 
rectangular  shafts,  200  feet  in  depth.     Coal  is  hoisted  from  one  shaft  in 
single  decked  cages  (caiTying  2  trucks  side  by  side),  running  in  pitch- 
pine  guides.     The  winding-engine  has  two  horizontal  cylinders,  each  of  1 1\ 
inches  by  36  inches,  fitted  with  piston-valves,  and  working  an  8  feet  drum. 
The  screening-plant  is  very  elaborate  and  complete.     From  a  pair  of 
side-tipplers  the  coal  passes  on  to  jigging-screens,  where  the  small  coal 
is  separated.     The  large  coal  passes  on  to  a  long  plate-belt,  fitted  with  a 
middle-trough  for  refuse.     Owing  to  the  shale-bands  in  the  seam  (No.  8, 
Fig.  5,  Plate  XXII.),  there  is  much  refuse  to  be  picked  out,  and  a  small 
army  of  coolie-women  and  children  are  employed  on  the  belts.     From 
the  end  of  the  belt,  the  coal  passes  either  down  a  plain  shoot  into  the 
trucks,  or  down  a  bagging-shoot  when  required.     The  refuse  is  carried 
from  the  trough  down  a  back-shoot  on  to  a  transverse  belt,  carrying  it 
away  to  the  trucks,  which  take  it  by  an  endless  rope  on  to  the  dump. 
The  small  coal  falls  into  hoppers,  from  which  it  is  raised  by  a  pair  of 
elevators  to  revolving  cylindiical  screens,  which  separate  it  into  nuts, 
peas  and  dross.      The   nuts    from  both   screens  pass   on    to   a  central 
picking-belt,  which  delivers  either  into  railway-trucks  for  nut- coal,  or  on 
to  deflecting  side  shoots,  to  mix  with  the  large   coal.     The  peas  and 
dross  fall  into  hoppers,  from  which  they  can  be  transferred  either  into 
trucks  or  on  to  transverse  belts,  one  of   which  conveys  the  coal  direct 
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to  the  fire-holes  of  the  boilers,  and  the  other  to  the  trucks  which  take 
the  refuse  to  the  dump.  The  screening-plant  and  winding-engine  were 
erected  from  plans  prepared  by  ^Ir.  T.  Grant  Colquhoun,  late  consulting 
engineer  to  the  company. 

Ventilation  is  secured  by  a  Capell  fan,  10  feet  in  diameter  by  5  feet 
wide,  and  steam-power  for  the  whole  of  the  machinery  is  supplied  from 
three  Cornish  multitubular  boilers  and  one  Lancashire  boiler.  There 
are  large  workshops,  well  equipped  with  tools,  including  lathe,  drilling, 
shearing  and  screwing-machines,  and  saw-bench.  The  mine  is  also  well 
provided  with  workmen's  (quarters,  cottages,  coolie  and  Kaffir  com- 
pounds, offices  and  stores. 

The  coal  is  worked  on  the  bord-and-pillar  method.  In  the  initial 
stages,  the  pillars  were  left  small,  so  as  to  secure  more  rapid  develop- 
ment, but  they  are  now  being  left  sufficiently  large  to  allow  of  their 
removal  at  a  later  stage.  The  coal  makes  sufficient  gas  to  necessitate  the 
use  of  safety-lamps.  As  the  unsoiDhisticated  Kaffir  will,  without  com- 
punction, stick  his  pick  through  the  top  of  a  Marsaut  gauze  in  order  to 
make  his  lamp  burn  better,  the  responsibility  of  supervision  is  no  sinecure. 

Analyses  of  the  seam  of  coal  now  being  worked  are  as  follows  :: — 


No.  1. 
Per  cent. 

No.  2. 
Per  cent. 

Volatile  matter 

9-69 

1517 

Fixed  carbon    

...       80-37 

71-59 

Sulphur 

1-72 

1-30 

Ash         

7-70 

11-41 

Water    ... 

0-52 

0-53 

The  coal  for  these  analyses  was  taken  at  the  point  where  the  shaft 
struck  the  coal,  close  to  a  doleritedyke,  by  which  the  coal  was 
undoubtedly  affected  ;  and  so  far  as  the  volatile  matter  and  fixed  carbon 
are  concerned,  these  analyses  are  altogether  unreliable  as  an  index  of  the 
quality  of  the  coal  produced,  for  the  coal  undoubtedly  contains  at  least  25 
per  cent,  of  volatile  matter.  For  raising  steam,  it  gives  results  quite  equal 
to,  or,  if  anything,  superior  to  Dundee ;  and,  containing  less  sulphur,  it 
makes  less  clinker.  Unfortunately  it  is  very  friable,  and  will  not  stand 
handling  without  breakage.  The  permanent  plant  has  only  been  working 
about  2  years. 

(3)  The  St.  George's  Colliery. — The  St.  George's  Coal  and  Estate 
Company  holds  ground  both  east  and  west  of  the  Natal  Navigation 
colliery.  Exploration  was  commenced  in  the  first  instance  on  the 
eastern  side,  but  the  coal,  although  of  excellent  equality,  was  too  much 
disturbed  by  dykes,  and  was  rather  too  close  to  the  outcrop  ;  and  work- 
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ing  was  abandoned.  Operations  were  next  commenced  on  the  western 
side,  where  coal  was  struck  at  a  depth  of  310  feet  in  two  rectangular 
shafts.  The  main  shaft  is  fitted  with  double-truck  cages,  running  in 
wire-rope  guides.  The  winding-engine  is  a  small  geared  engine,  which 
will  shortly  be  replaced  by  a  direct-acting  engine. 

The  screening-plant  consists  of  2  plate  pickmg-belts,  which  receive 
the  coal  from  jigging-screens.  The  small  coal  from  the  screens  is 
elevated  to  2  cyUndrical  screens,  where  the  dross  is  separated,  and  the 
nuts  pass  on  to  a  short  picking-belt.  Between  the  large  coal-belts  is 
another  belt,  travelling  in  the  opposite  direction,  carrying  away  the 
refuse  to  the  hoppers.  There  is  also  a  bagging-platform  and  shoots  for 
bagging  coal  when  requu'ed. 

Steam  is  supplied  by  2  Lancashire  boilers,  30  feet  long  by  7  feet  in 
diameter.     Ventilation  is  secured  by  a  Schiele  fan,  10  feet  in  diameter. 

The  coal  is  worked  on  the  bord-and-pillar  system,  the  pillars  being 
left  too  small  to  admit  of  their  removal.  The  coal  makes  some  gas, 
safety-lamps  are  used  throughout  the  mine,  and  no  explosives  whatever 
are  allowed.  A  year  ago  an  explosion  occurred  through  a  native 
opening  his  lamp,  which  resulted  in  the  death  of  5  natives ;  the 
explosion  was  so  violent  that  the  flames  reached  40  feet  above  the  shaft- 
mouth,  continued  burning  for  a  considerable  time,  and  ignited  the 
shaft-timbering.  This  explosion,  and  other  reasons,  have  hampered  the 
development  of  the  mine,  and  it  only  reached  the  profit-earning  stage  a 
month  or  two  before  the  commencement  of  the  war.  In  quality,  the 
coal  is  almost  the  same  as  the  Natal  Navigation  coal,  but  it  is  not  so 
friable,  and  is  equal  to  any  produced  in  South  Africa. 

(4)  The  Elandslaagte  Collieries. — These,  the  only  productive  collieries 
situated  south  of  the  Biggarsberg,  possess  the  advantage  of  being 
nearest  to  the  market,  which  compensates  for  the  thinness  of  their 
seams,  and  the  slightly  inferior  nature  of  their  coal.  The  coal  has  been 
developed  by  means  of  three  circular  shafts,  two  of  which  are  fitted  up 
for  drawing  coal. 

The  main  shaft  is  fitted  up  with  jigging-screens  and  picking-belts. 
Both  the  seams  of  coal  (No.  1,  Fig.  5,  Plate  XXII.)  are  worked,  but  most 
of  the  coal  is  taken  from  the  top  seam.  From  a  comparison  with  the 
Dundee  seams,  it  appears  that  the  top  portion  of  the  main  seam  at 
Dundee  has  approached,  and  here  forms  the  bottom  portion  of  the  upper 
seam. 

The  coal  is  worked  on  the  Welsh  double-stall  system,  with  satis- 
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factory  results.  A  Jeffrey  electric  coal-heading  machine  has  been  in  use 
for  some  time,  and  has  given  satisfaction.  As  native  employees  must  be 
paid  and  fed  whether  working  or  not,  and  cannot  always  be  obtained  on 
short  notice,  a  coal-cutting  machine  is  of  great  advantage  in  coping  with 
a  sudden  extra  demand  for  coal. 

(5)  The  Natal  Marine  Collieries. — The  pits  arc  situated  about  2 
miles  east  of  Dundee,  and  are  the  most  recent  producers  in  the  colony. 
They  have  proved,  by  extensive  boring,  an  area  of  about  1,000  acres  of 
coal,  similar  in  section  and  quality  to  that  of  the  Dundee  collieries,  and 
lying  for  the  most  part  very  near  to  the  surface.  The  coal  area  is  cut  up 
by  a  number  of  dolerite-dykes,  and  for  these  reasons  a  central  screening- 
plant  has  been  erected,  which  will  be  supplied  with  coal  from  several 
shallow  shafts  in  different  parts  of  the  property.  Up  to  the  present  date 
three  shafts  have  been  sunk  to  the  coal,  none  of  which  exceed  40  feet  in 
depth.  These  shafts  are  fitted  with  single  cages,  worked  with  small 
geared  winding-engines  and  semi-portable  boilers.  The  coal  is  raised  to 
the  surface,  and  conveyed  by  endless-rope  haulage  to  the  elevator  of  the 
screening-plant. 

The  screening-plant  consists  of  2  jigging-screens,  hung  by  wooden- 
lath  suspenders,  and  delivering  on  to  60  feet  bar-belts  with  |  inch  spaces. 
The  belts  have  jib-ends,  which  can  be  depressed  to  deliver  directly  into 
the  trucks  or  raised  to  deliver  on  to  the  bagging-shoots.  They  are 
fitted  with  scrapers  to  convey  the  coal,  which  falls  through  the  bars  in 
cleaning,  back  to  the  cyhndrical  screens  placed  directly  under  the  jigo-ers 
where  the  small  coal  is  classified  into  nuts,  peas  and  dross  or  duff.  The 
nut-coal  falls  into  20  tons  hoppers,  from  which  it  is  discharged  into 
trucks  on  the  same  line  of  railway  as  the  large  coal.  The  peas  fall  into 
hoppers,  from  which  they  can  be  discharged  into  trucks,  or  taken  in 
small  trucks  either  to  the  boilers  or  with  the  dross  to  the  dump.  The 
plant  is  as  good  as  any  at  present  erected  in  Natal. 

The  coal  is  worked  on  the  bord-and-pillar  system.  It  is  easily 
worked,  but  on  account  of  a  bad  roof  requires  considerable  timbering. 
Although  it  had  only  been  in  the  market  a  few  months  when  the  war 
commenced,  the  coal  had  already  acquired  a  very  good  name  and  ready 
sale. 

(6)  The  New  GampMl  Collieries. — As  already  stated,  the  main  shaft 
was  unfortunately  located  within  100  feet  of  an  enormous  dolerite-dyke  ; 
and,  where  the  coal  was  struck,  it  only  contained  4  per  cent,  of  volatile 
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matter.  As  this  coal  was  found  unsaleable,  the  work  underground  has 
been  restricted  to  development-drives,  at  right  angles  to  the  dyke,  to 
open  up  the  bituminous  areas  away  from  the  dyke.  After  1,400  feet  of 
driving,  bituminous  coal  of  very  good  quality  had  just  been  proved  when 
work  was  suspended.  The  bituminous  area  had  further  been  proved  by 
several  diamond-drill  borings. 

The  surface-works  include  a  tubular-steel  headgear  and  a  fixed 
screen,  delivering  the  coal  on  to  a  Greening  wire  picldng-belt. 

(7)  Tlie  South  African  Gollierips. — These  mines  were  promoted  by  the 
De  Beers  Mines,  Limited,  with  the  idea  of  ultimately  supplying  coal  to 
the  Kimberley  market.  In  sinking  the  shafts,  a  horizontal  sheet  of 
dolerite,  or  whinstone,  153  feet  in  thickness,  was  penetrated.  The 
rock  was  so  extraordinarily  hard  that  progress  was  very  slow.  In  the 
middle  and  lower  portions  of  the  sheet  contraction- fissures  divided  the 
dolerite  into  long,  irregular,  vertical,  hexagonal  columns.  The  slight 
occasional  deviation  from  the  perpendicular  of  these  columns  caused 
some  of  them  to  be  undermined  by  the  shaft  sinking,  and  serious  acci- 
dents occurred  in  consequence.  In  one  fall  that  came  within  the 
immediate  experience  of  the  writer,  a  column  40  feet  long  slipped  down 
behind  the  timbering,  Ijroke  off  the  hanging-bolts,  and  dragged  down  a 
quantity  of  timbering.  Fortunately,  the  workmen  had  been  already 
withdrawn,  and  no  loss  of  life  ensued.  Coal  was  struck  at  a  depth  of 
360  feet,  or  86  feet  below  the  bed  of  dolerite,  and  gave  the  following 
analysis  : — 

Per  cent. 
Volatile  matter    ...  ...         ...  8 '6 

Fixed  carbon         ...  ...         79"7 

*Ash 9-7 

Water         20 

The  percentage  of  sulphur  in  the  ash  wa.s  3  35. 

Boiler  tests,  though  variable  in  results,  were  not  sufficiently  satisfac- 
tory to  justify  further  work  at  that  point,  and  it  will  probably  be  found 
necessary  to  sink  fresh  shafts  on  one  of  the  bituminous  areas  within  the 
property,  which  covers  about  16,000  acres. 

A  very  complete  plant  has  been  procured,  comprising  a  70  feet 
lattice-steel  headgear,  with  guide-ropes  for  cages  to  carry  2  trucks  end  to 
end  ;  jigging-screens,  with  a  bar-belt  fitted  with  jib-ends  for  the  large 
coal  and  a  plate-belt  for  the  nut  coal,  on  to  which  the  coal  is  delivered 
by  a  side-shoot  from  the  screen.  The  winding-engine  has  2  cylinders, 
each  1(5  inches  in  diameter,  geared  to  a  drum   In  feet  in  diameter,  and 
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supplied  with  steam  from  a  Lancashire  boiler,  30  feet  long  by  7  feet  in 
diameter  ;  it  is  the  only  portion  of  the  permanent  plant  at  present 
erected. 

(8)  jSfewrasth  DMrirt. — In  the  Newcastle  district,  the  Newcastle, 
East  Lennoxtown  and  West  Lennoxtown  collieries  are  producing  coal  in 
a  small  way,  and  with  small  plants.  The  Crown  collieries  and  No.  42 
colliery  are  both  opening  out,  but  have  not  yet  reached  the  producing 
stage.  The  coal  in  this  district  contains  about  30  per  cent,  of  volatile 
matter.  Some  of  it  is  very  good  indeed,  but  it  is  more  variable  in 
quality  and  in  thickness  than  the  Dundee  district. 

Between  the  Natal  Navigation  colliery  and  the  town  of  Newcastle 
coal  of  very  good  quality  and  thickness  has  been  proved  at  a  depth  of 
500  feet  at  Dannhauser,  in  a  shaft  sunk  by  the  Durban  Collieries 
Syndicate.     The  coal  has  been  analysed  as  follows  : — 


Top  Coal-seam. 

Bottom  Coal-seam 

Ft.   Ins. 

Ft.    Ins. 

Coal 

3      10 

4     2 

Shale 

0    2 

Coal 

1     3 

Per  cent. 

Per  cent. 

Volatile  mattei'    . 

40  00 

31-20 

Fixed  carbon 

49-78 

57  "56 

Ash 

9-42 

10-44 

Moisture    ... 

0-80 

0-80 

The  amount  of  sulphur  is  not  stated  in  the  above  analyses,  but  it  is 
not  excessive. 

An  analysis  of  coal  taken  from  the  Caernarvon  ground  between  Dann- 
hauser and  the  St.  George's  colhery  possesses  interest,  as  showing  perhaps 
the  lowest  results  in  ash  and  sulphur  yet  recorded  in  Natal  for  a  seam  of 
workaljle  thickness  : — 

Per  cent. 
Volatile  matter  -23-20 


Fixed  carbon 
Ash 

Sulphur 
Moisture 


67  00 
7-50 
0-95 
1-35 


At  the  Dudley  colliery,  on  the  eastern  border  of  the  coal-field,  a  fine 
seam  of  coal  6  feet  thick  is  slightly  affected  by  igneous  action. 

South  of  the  Biggarsberg,  the   Wallsend   colliery,  Natal  collieries 
(Waschbank),  Natal  Steam-coal  colliery,  and  Ramsey's  colliery  (Wessels 
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Nek),  and  Wessels  Nek  collieries,  most  of  them  developed  by  adit-levels, 
have  all  ceased  working,  owing  to  the  thinness  of  the  seams,  or  inferior 
coal,  making  competition  with  the  other  mines  very  difficult. 

In  the  neighbourhood  of  Rorke's  Drift,  and  the  eastern  end  of  the' 
Biggarsberg,  the  country  is  almost  one  mass  of  dolerite,  and  it  is  unlikely 
to  contain  coal  of  any  value. 

On  the  western  boundary  of  Natal,  the  coal  probably  exists  at  great 
depths,  as  the  ground  rises  towards  the  Drakensberg  mountains  until  it 
is  cut  off  by  the  Great  Drakensberg  fault,  but  the  igneous  disturbances 
are  great  and  extensive.  On  the  other  side  of  this  fault,  which  marks 
the  watershed  of  South  Africa,  coal  is  not  found  in  the  Orange  River 
Colony  borders,  although  at  Langs  Nek  tunnel,  and  in  the  neighbourhood 
of  Charlestown,  coal  of  inferior  quality  has  been  found  at  an  elevation  of 
nearly  1,400  feet  above  that  of  the  Natal  coal-seams  generally. 

In  the  district  of  Estcourt,  as  shown  in  Fig.  2  (Plate  XXII.),  there 
is  a  detached  patch  of  Coal-measures,  but  the  coal  at  no  place  exceeds  a 
few  inches  in  thickness,  and  it  evidently  represents  only  the  lower  portion 
of  the  Coal-measure  series,  and  the  upper  portion  containing  the  work- 
able coal-seams  has  been  denuded  away. 

To  the  east  of  Dundee,  on  both  sides  of  the  Buffalo  river,  magnetite 
of  exceptional  quality  has  been  found.  Analyses  made  for  the  writer 
showed  over  72  per  cent,  of  metallic  iron,  but  up  to  the  present  time  no 
development-work  has  been  done. 

Markets  and  Outside  Competition. 

Up  to  the  present  date,  the  bunkering  trade  of  Durban  furnishes  the 
largest  market  for  the  coal-output,  and  of  the  last  full  month's  output 
(September,  1899)  of  40,351  tons,  19,407  tons  were  sold  for  bunker  coal. 
The  next  largest  consumers  are  the  Natal  Government  Railways.  The 
railway-facilities  for  the  transport  of  coal  are  good  :  the  coal-rate  is 
0-45d.  per  ton  per  mile,  or  9s.  per  ton  for  the  distance  of  240  miles  from 
Dundee  to  Durban.  Since  February,  1899,  a  special  reduction  has  been 
made,  with  the  view  of  encouraging  the  export  trade.  This  consists  of  a 
rebate  of  33  per  cent,  on  the  ordinary  rate  for  all  coal  exported  from  the 
Colony. 

The  loading-facilities  at  Durban  Harbour  are  meagre.  At  present, 
all  the  coal  is  loaded  into  ships  in  baskets  or  bags  on  the  backs  of  Kaffirs, 


THE    COAL-FIELDS   OF   XATAL.  1 S7 

and  costs  about  Is.  6d.  p^r  ton  for  loading  and  trimming.  Improved 
loading-facilities  will  be  necessary  before  any  great  expansion  of  the 
export- trade  can  take  place. 

The  only  two  districts  that  are  worthy  of  consideration  as  possible 
competitors  with  Xatal  in  existing  markets  are  Yryheid  in  the  Transvaal, 
and  St.  Lucia's  Bay  in  Zululand.  The  Yryheid  district  contains  detached 
outliers  of  coal  very  similar  in  quality  to  the  Dundee  coal  ;  and  a  rail- 
way is  being  built  from  Dundee  to  the  town  of  Yryheid,  but  the  cost  of 
the  extra  40  or  50  miles  of  i  ailway-transport  will  probably  prevent  it 
from  competing  in  the  Durban  coal-market. 

The  St.  Lucia's  Bay  coal-field  is  very  extensive,  and  contains  several 
seams  of  coal,  one  of  them  being  45  feet  thick,  but  variable  in  character. 
Thi-ee  samples,  taken  by  the  Commissioner  of  Mines,  from  selected  parts 
of  this  seam,  gave  the  following  analyses  : — 


Xo.  1. 

Xo.  2. 

Xo.  3. 

Ft.  Ins. 

Ft.  Ins. 

Ft.  Ins. 

Coal 

2      4 

2     5 

1     5 

Per  cent. 

Per  cent. 

Per  cent. 

Volatile  matter    . . 

10-9 

11-2 

10-2 

Fixed  carbon 

80-0 

75-8 

75-5 

Ash           

6-1 

12-2 

130 

Moisture 

.s-0 

0-8 

1-3 

Tests  of  this  coal  on  the  locomotives  of  the  Xatal  Government  Rail- 
ways were  distinctly  unfavourable.  It  was  stated  that  the  coal  was  high 
in  sulphur,  which  was  not  determined  in  the  above  analyses.  So  far  as 
proved,  the  coal  is  anthracite,  and  unless  bituminous  areas  can  be  found, 
it  is  hardly  likely  to  enter  into  serious  competition  with  Natal  coal. 

Detached  portions  of  Coal-measures,  forming  a  continuation  of  this 
coal-field,  are  found  on  different  parts  of  the  Natal  coast,  some  indeed 
quite  clo.se  to  Durban  ;  but  borings  have  never  exposed  more  than  a  few 
inches  of  coal,  the  thicker  seams  having  probably  been  denuded  away. 

At  present,  railway-communication  from  Durban  in  the  direction  of 
St.  Lucia's  Bay  extends  no  furtlier  than  the  Zululand  border,  but  a  con- 
cession has  been  granted  for  the  construction  of  a  railway  to  the  coal- 
fields there.  St.  Lucia's  Bay  might  also  form  a  shipping-outlet  for  the 
St.  Lucia's  Bay  coal-field,  but  a  considerable  amount  of  dredging  would 
be  necessary  to  open  up  that  magnificent  natural  harbour. 

Reference  to  the  statistics  of  production  already  quoted  shows  that 
out  of  a  total  output  of  40,351  tons  in  September,  1899,  only  508  tons 
were  exported  from  the  Colony.  It  is  from  the  export  trade,  which  is 
only  just  beginning,  that  any  considerable  expansion  of  the  Xatal  coal- 
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industry  must  come.  These  508  tons  were  exported  to  the  following 
places  :  — Cape  Colony,  252  tons  16  cwts.  ;  Beira,  129  tons  17  cwts.  ;  and 
Cliinde,  125  tons  7  cwts. 

It  is  to  the  Cape  Colony  markets  that  Natal  coal-owners  are  now 
turning  their  attention,  in  the  hope  of  capturing  the  demand  at  present 
supplied  by  Welsh  coal.  It  is  estimated  that  the  requirements  of  the 
Cape  Colony  amounts  to  500,000  tons  per  annum,  which  have  hitherto 
been  supplied  by  Welsh  coal,  by  collieries  in  the  Stormberg  and  Tndwe 
districts  of  Cape  Colony,  and  from  Vereeniging  on  the  Vaal  river. 

The  locomotive  superintendent  of  the  Cape  Government  Railways  has 
made  tests  of  the  various  fuels,  and  the  results  were  given  by  him  in 
evidence  before  a  Government  Commission  on  railway  coal,  in  October, 
1899,  as  follows: 

Weight  of  Coal 
Place  of  Ori^'in.  Name  of  Colliery.  giving  equal 

effect. 

Welsh        Ocean  Merthyr 100 

Cape  Colony         Stormberg  District,  Cape          r75 

,,         ,,               ...         ...  ,,                 ,,         Contato    ...         ...  I'50 

,,         „               ,,                ,,        Cyphergat           ...  2-00 

,,               „                 „         Fairview 2-00 

„                 „         Indwe        1-80 

,,         ,,               ,,                 ,,         Molteno,  Vices' ...  2-00 

„                 „                 ,,        Woolfs'  2-00 

,,         ,,               ...         ...  ,,                 ,,         Penshaw  ...         ...  1'60 

,,               ,,                 ,,         Wallsend 2-00 

Orange  River  Colony       .,       Vereeniging          1'60 

Natal          ...         ...         ...  Dundee,  Navigation       ...         ...         ...  D25 

United  States  of  America       Virginia,  Pocahontas      r20 

Special  tests  made  on  locomotives  from  Capetown  to  Touws  river  and 
back  again,  under  similar  conditions  as  to  train-loads,  etc.,  gave  the 
following  results  : — 

Coal  burnt  per  Evaporation  of 

Coal  used.  tram-mile.  water  per  pound  of  coal. 

Pounds.  Pounds. 

Welsh         30-04  not  stated 

Indwe  63-37  5  04  to  5-31 

Natal  Navigation .. .         33-10  S-4S 

In  evidence  before  the  same  Commission,  Mr.  C.  Hitchins,  director 
of  the  Dundee  Coal  Company,  stated  that  Dundee  coal  could  be  sold  in 
Port  Elizabeth  at  28s.  per  ton  (2,240  pounds)  against  38s.  3d.  per  ton  for 
Welsh  coal :  and  at  Capetown  for  25s.  6d.  per  ton,  against  33s.  2d.  per 
ton  for  Welsh  coal. 

A  comparison  of  the  above  statements  shows  that  Natal  may  con- 
fidently look  forward  to  doing  a  considerable  export-trade  with  the  Cape 
Colony,  by  displacing  AYelsh  coal.     The  building  of  the  projected  Harri- 
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smith- Bloemfontein-Kimbei'ley  railway  will  undoubtedly  ensure  further 
large  exports  to  Cape  Colony,  by  displacing  the  Vereeniging  coal  now 
used  in  the  Kimberley  and  De  Aar  districts. 

The  largest  market  for  coal  in  South  Africa  is  that  of  the  Witwaters- 
rand  gold-fields.  Hitherto  Natal  coal  has  been  shut  out  from  the  Trans- 
vaal by  a  prohibitive  duty  of  5s.  per  100  pounds.  When  the  duty  is 
removed,  Natal  coal  must  be  prepared  to  pay  a  railway-freightage  of 
from  4s.  to  5s.  per  ton  over  and  above  that  paid  by  the  Middelburg  coal. 
This  difference  would  be  largely  caused  by  the  2s.  lOd.  per  ton  average 
freight  from  the  Dundee  district  to  the  Transvaal  border,  and  it  would 
not  be  materially  affected  by  any  future  re-adjustment  of  railway  rates  in 
the  Transvaal.  Whether  Natal  coal  would  he  able,  on  account  of  its 
better  quality,  to  carry  this  additional  rate  and  compete  in  the  Witwaters- 
raud  market  with  the  Middelburg  coal  must  be  left  for  future  trials  to 
decide.  Comparative  tests  in  steamers  indicate  that  Natal  coal  would  be 
able  to  compete  with  Middelburg  on  the  terms  named,  but  any  relative 
inferiority  is  always  accentuated  in  steamer-trials  as  compared  with 
stationary  boiler-trials,  w-here  no  forcing  of  the  fires  is  required. 

In  conclusion,  the  writer  begs  to  express  his  thanks  for  much  valu- 
able information  supplied  by  Mr.  Howard  Harris,  mining-engineer  ;  Mr. 
A.  Crosby,  manager  of  the  Campbell  colliery  ;  and  Mr.  James  Cumming, 
honorary  secretary  of  the  Natal  Mining  Association. 


Mr.  John  M.  Liddell  (Stocksfield)  wrote  that  he  had  visited  most  of 
the  districts  in  South  Africa  in  which  coal  had  been  discovered,  and  he 
had  paid  considerable  attention  to  some  of  them,  including  that  of 
Natal.  He  had  read  Mr.  Heslop's  paper  with  much  interest,  and  he 
endorsed  his  observations  and  opinions  entirely,  so  far  as  his  experi- 
ence extended. 

He  might  remark  that  the  scarcity  of  fossil  remains  had  always  been 
a  matter  of  regret.  He  suggested  that  the  European  Carboniferous 
flora  and  fauna  may  have  developed  in  the  northern  hemisphere 
originally,  and  have  migrated  slowly  through  later  geological  forma- 
tions, some  of  them  reaching  the  Triassic  formation  of  the  southern 
hemisphere. 

Respecting  a  second  and  deeper-lying  coal-field,  extending  through 
parts  of  Cape  Colony  and  the  Oi-ange  River  Colony,  he  inclined  to  the 
opinion  that  the  whole  mass  of  Carboniferous  and  other  beds,  which  are 
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of  move  recent  date  than  the  tiranitic  and  Silurian  formations  of  the 
Cape  Peninsula.  King  Williamstown,  Lobonibo,  and  of  most  of  the  "  Low 
Yeldt,"  is  too  thin  to  contain  coal-seams  of  appreciable  value,  other  than 
the  coal-fields  now  known.  The  said  strata  appear  to  thin  out,  shales, 
coal-stams  and  sandstones  alike,  to  the  westward,  through  the  western 
half  of  the  Orange  River  Colony  and  Griqualand  West,  having  thinner 
detached  areas  as  about  Beaufort  "West.  Upon  this  point  he  thought 
that  the  De  Beers  Company  may  have  interesting  evidence,  as  some  thin 
coal-seams  occur  near  the  surface  at  the  Kimberley  mine,  and  there  was 
at  one  time  much  curiosity  to  discover  whether  pieces  of  rounded  sand- 
stone found  in  the  body  of  the  Kimberley  mine  had  come  up  from  a 
deeper  Carboniferous  system  lying  below.  The  Carl)oniferous  strata  of 
Stormberg,  Natal,  Orange  Eiver  Colony  and  the  Transvaal  appear  to  form 
one  contiimous  field,  thickening  individually  to  the  north-east  until  they 
reach  their  limit  on  the  "  High  Veldt"  abont  Middelburg  and  Ermelo.  It 
may  be  of  interest  to  mention  that  the  area  of  heavier  rainfall  coincides 
and  increases  in  the  said  direction  at  tbe  present  day.  There  is,  of 
course,  a  very  large  area  in  the  western  and  north-western  districts'  of 
Cape  Colony  too  difficult  of  access  for  it  to  have  been  much  explored. 

He  bad  seen  strong  evidence  of  sub-aqueous  deposition  of  floating 
masses  of  vegetation,  but  he  was  of  opinion  that  many  of  the  dull 
seams,  or  portions  of  seams,  had  been  formed  by  growth  in  situ, 
with  frequent  and  varying  deposits  of  mud  and  slime. 

He  thought  that  the  occurrence  of  whinstone  was  perhaps  the  most 
notable  feature  of  the  whole  coal-field,  and  that  Mr.  Heslop's  paper  gave 
a  fair  description  of  it.  It  occurs  over  the  whole  of  the  South  African  coal- 
field, and  in  fact  is  more  or  less  pecuhar  to  those  portions  of  the 
country,  which  contain  coal,  gold,  diamonds,  or  other  products  of  mining 
interest.  The  whinstone  usually  contains  sufficient  iron  to  produce  the 
rusty  colour  wliich  is  so  common  in  the  soil  of  the  country,  and  it  has 
been  mistiken  by  the  Boers  for  ironstone  of  commercial  value.  Its 
effect  on  the  coal-seams  is  shown  in  the  difference  between  the  highly 
bituminous  coal  of  Cyphergat  and  the  semi-antliracitic  coal  of  Indwe. 
Its  effect  on  the  working  of  mines  was  most  notable  in  the  "  hard-rock  " 
of  Kimberley.  He  thought  that  the  anthracitic  seams  were  worthy  of 
a  good  deal  more  attention,  as  there  was  a  possibility  of  finding  a  seam 
of  definite  value  as  an  auxiliary  naval  coal.  At  Indwe,  the  seam,  or 
seams,  are  shown  to  l)e  of  reliable  character,  and  from  Indwe  to  Dundee 
there  is  a  wide  stretch  of  country  within  possible  distance  of  the  coast, 
in  which  seams  are  kuo^vn  to  exist,  and  which,  he  thought,  would  have 
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been    closely    explored,    and     perhaps     exploited,    but     for     political 
hindrances. 

Labour  is  one  of  the  chief  difficulties  of  African  mining.  The 
Kaffir  miner  has  been  indispensable  in  the  past,  though  of  a  character 
which  would  be  considered  legally  unsafe  in  Great  Britain.  He  has  no 
natural  knowledge  of  tools  or  of  civilized  life,  and  his  periods  of  labour 
are  so  limited  and  so  intermittent  that  there  is  no  probability  of  his 
acquiring  safe  habits  or  permanent  profitable  skill.  It  has  often  been 
said  that  white  men  cannot  labour  and  live  in  such  a  climate,  but  the 
writer's  experience  of  many  years  is  to  the  contrary.  He  thought  that  the 
white  labourer,  if  fairly  established,  would  prove  cheaper  in  cost  per  ton 
or  per  yard,  and  certainly  more  satisfactory.  The  difficulties  hitherto 
had  been  largely  the  cost  of  immigration,  of  housing,  of  civilized  food, 
of  uncertainty  of  new  exploitations,  and  especially  of  the  degradation  of 
white  labourers  by  working  on  an  equality  with  blacks.  He  thought 
that  the  establishment  of  an  all-white  staff  of  employees  at  some  reliable 
mine  was  a  desirable  experiment,  and  would  prove  of  capital  importance 
to  the  industry. 

Mr.  T.  Grant  Colquhoun  wrote  that  Mr.  Heslop's  paper  contained  a 
good  general  view  of  the  geology  of  the  coal-seams  in  South  Africa  and 
the  Natal  coal-seams  in  particular.  He  agreed  with  him  that  the  best 
coal  in  South  Africa,  so  far,  was  found  in  the  Dundee  district,  north  of 
the  Biggarsberg  range. 

Mr.  R.  A.  S.  Redmayxe  (Seaton  Delaval)  said  that  Mr.  Heslop's 
paper  was  a  welcome  contribution  towards  the  further  elucidation  of  the 
geology  of  Natal.  Having  spent  nearly  two  years  in  surveying  and 
development  work  in  the  Natal  coal-fields,  it  gave  him  pleasure  to  state 
his  agreement  with  nearly  all  Mr.  Heslop's  statements.  Mr.  Heslop 
stated  that  Sigillaria  had  been  found  at  Vereeniging  and  in  the 
i\riddelburg  district  of  the  Transvaal,  but  so  far  as  he  was  aware,  no  such 
remains  had  been  discovered  in  the  Natal  Coal-measures.  This  was  of 
interest,  owing  to  tue  fact  that  there  co'ild  be  little  doubt  that  the 
deposits  were  of  contemporaneous  origin.  Possibly,  on  further  exploitation 
of  the  Natal  Coal-measures,  these  might  be  discovered.  One  sjiecimen 
of  Lp^ndodendron  was  found  near  Newcastle  (Natal),  but  no  Stigmaria. 
The  most  characteristic  fossil  in  these  measures  is  Glossopteris,  which 
is  notably  a  Triassic  fossil. 

When  in  Natal,  he  hazarded  a  classification  of  the  Natal  rocks  which 
he  endeavoured  to  correlate  with  Prof.  Green's  division  of  the  Cape 

VOL.  LX IX. —1899-1900.  12 


142  DISCUSSION — THE   COAT,-FIELDS   OF   XATAT.. 

Colony  system.*  He  regretted  that  Mr.  Heslop  had  not  laid  stress  on  a 
great  want  felt  by  all  those  interested  in  the  mining  welfare  of  Natal, 
namely,  the  want  of  a  systematic  topographical  and  geological  survey. 
The  lack  of  the  former  had.  as  recent  events  had  shown,  cost  this 
country  dear,  while  as  to  the  latter  there  existed  only  a  few  papers 
contributed  by  private  individuals  to  scientific  societies.  It  seemed 
incredible  that  a  Colony  which  had  been  a  British  possession  for  58  years, 
and  which  until  6  or  7  years  ago  was  a  Crown  Colony,  should  not  have 
had  a  proper  topographical  survey  made  of  it.  The  benefit  resulting 
from  such  a  survey  would  far  exceed  the  cost  of  making  it — in  fact  it 
amounted  to  a  necessity. 

Mr.  Heslop  did  not  treat  of  the  labour  difficulty  in  the  Natal  coal- 
mines. Probably  this  subject  would,  in  the  near  future,  be  of  still  more 
moment  than  it  was  even  at  present.  Undoubtedly  the  development  of 
the  coal-deposits  would  be  still  further  carried  out  when  the  war  was 
concluded,  and  the  trade  of  the  Colony  was  enhanced  by  the  abolition  of 
heavy  duties  (enforced  by  the  Transvaal  Government)  and  increase  of 
population  and  consequent  development  of  the  over-sea  and  land  carrying 
trade.  Owmg  to  the  uncertainty  in  the  supply  of  native  labour  and  the 
difficulties  attending  the  training  and  supervision  of  the  same,  the  safest 
and  cheapest  manner  of  working  the  collieries  would  be  either  entirely 
by  coal-cutting  machines  with  white  labour  ;  or,  if  deemed  advisable  to 
combine  agricultural  development  with  coal-production,  as  in  all 
probability  would  be  the  case  when  the  surface  of  a  large  property 
is  owned  by  the  company  working  the  coal ;  Indian  coolies  of  the  right 
cast  and  kind  could  be  introduced,  who  are  adepts  at  agriculture — most 
of  the  vegetable  and  dairy  trade  of  Durban  was  conducted  by  Indians — 
and  these  would  pay  for  their  holdings  under  the  company  with  a 
proportion  of  their  produce — mealies,  vegetables,  fruit,  etc.,  their 
holdings  being  worked  by  their  families  and  by  themselves  during  their 
leisure,  when  not  engaged  underground. 

The  Chairman  (Mr.  T.  Douglas)  moved  a  vote  of  thanks  to  Mr. 
Heslop  for  his  interesting  paper,  and  trusted  that  the  war  would  soon  be 
ended. 

The  resolution  was  cordially  approved. 


*  Tram.  Imt.  M.E.,  1892,  vol.  iv.,  page  559. 
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The  Balmer  prop  consists  of  two  cast-iron  cylinders,  one  of  which, 
A,  is  arranged  to  slide  telescopically  inside  the  other,  B  (Figs,  1  and  2). 
The  lower  cylinder,  B,  is  packed  with  small  coal  so  as  to  support  the  upper 
cylinder  or  ram,  A,  at  any  desired  height.  A  head-tree,  C,  is  placed,  as 
usual,  between  the  roof  of  the  seam  and  the  top  of  the  prop.  As  the 
roof  creeps  down,  the  coal-packing,  D,  is  com- 
pressed and  yields  slightly,  allowing  the  props 
in  use  to  support  the  roof  evenly.  As  the  roof 
gradually  lowers  further,  the  props  may  be  eased 
by  withdrawing  some  of  the  coal-packing,  D, 
through  one  of  the  holes,  E  (preferably  the  hole 
nearest  to  the  lower  end  of  the  ram.  A).  The 
prop  can  be  readily  withdrawn  by  easing  the 
ram  still  further  in  the  same  way. 

At  Elswick  colliery,  on  January  24th,  1900, 
a  prop  was  set  with  a  wooden  head  and  sole-trees, 
2  feet  by  7 2  inches  wide,  by  7^  inches  thick  :  it 
stood  53  days,  and  being  eased  from  time  to  time 
came  down  6  inches  by  ^larch  19th,  when  it  was 
drawn  in  1 1  minutes  in  the  presence  of  the  over- 
man and  a  deputy-overman  of  the  colliery.  It 
was  re-set  in  the  same  place,  and  by  April  5th  it 
had  lowered  3^  inches  more,  making  9^  inches 
in  all  since  the  first  setting.  The  sole-tree,  how- 
ever, was  split  into  halves,  and  after  a  new  one 
had  been  fixed,  the  prop  was  still  working,  and  could  be  lowered  another 
1 2  inches  if  necessary.     The  prop  could  be  eased  in  5  seconds. 

The  following  advantages  are  claimed  for  this  prop  : — (1)  The  props 
will  last  for  many  years,  as  they  are  practically  indestructible  and  may 
be  used  over  and  over  again  ;  (2)  they  are  simple  in  working  and  are 
liked  by  the  workmen  ;  (3)  they  are  unaffected  by  water  or  atmospheric 
conditions,  which  often  cause  wooden  props  to  rot  rapidly  ;  (4)  the 
props  may  be  used  as  pillars,  shores  or  struts  in  any  position,  and  are 
also  very  advantageously  used  in  connection  with  girders  ;  and  (5)  during 


Fig.  1. 


Fig.  2. 
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the  time  that  the  roof  lowers  or  the  floor  rises,  say  12  inches,  from  6  to 
8  wooden  props  would  ha\e  been  set  to  rej^lace  buckled  or  broken  timber, 
consequently  a  great  saving  of  labour  will  follow  the  adoption  of  the 
Balmer  prop. 


Mr.  H.  Lawrenck  remarked  that  he  would  not  like  to  go  into  a 
longwall-face  and  attempt  to  lower  the  prop  by  taking  out  the  packing 
from  the  bottom  of  the  tube. 

The  Chairman  (Mr.  T.  Douglas)  said  that  he  had  recently  had  an 
opportunity  of  examining  some  props  used  under  the  Hepplewhite  system. 
The  props  were  tapered  at  the  bottom  end  for  about  10  inches,  and  on  the 
roof  settling  the  tapered  end  "  fuzzed  "  and  prevented  the  buckling  of 
the  prop.  Out  of  250  props,  wliich  he  had  recently  examined,  after  they 
had  come  out  of  a  mine,  there  were  only  two  props  which  had  buckled. 
The  remainder  had  the  "  fuzzy"  ends  cut  off,  and  were  used  again  in  a 
thinner  seam.  It  was  very  curious  to  notice  how  the  "  fuzzing  "  had 
allowed  the  prop  to  maintain  a  perpendicular  position.  At  another 
colliery,  the  system  was  being  tried  experimentally  side  by  side  with 
square-ended  props,  and  had  shewn  very  considerable  economy  in  favour 
of  tapered  props. 

Prof.  H.  Louis  said  that  tapered  props  might  possibly  prove  of 
advantage  in  seams  where  the  floor  was  tolerably  hard. 
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Fig.  1  shows  the  iuterior  of  the  Ljungstroin  crankless  engine,  after 
the  removal  of  that  part  of  the  casing  which  (Fig.  2)  is  nearest  to  the 
belt-pulley.  In  this  half  of  the  casing  is  a  long  brass  bearing,  fitted 
concentrically,  carrying  the  shaft,  on  one  end  of  which  shaft,  outside  the 
engine,  the  belt-pulley  is  fixed,  and  on  the  other  end,  inside  the  engine,  a 
four-armed  casting,  B,  is  fixed.  The  belt-pulley  and  the  casting,  B,  rotate 
with  the  shaft. 

The  casting,  B,  contains  four  radial  cylinders  (Bi,  B.^,  B^^  and  BJ, 
each  of  which  contains  a  cylindrical  hollow  piston,  which  is  shewn 
separately  at  C  (Fig.  1).  Each  of  the  hollow  pistons  contains  a  roller, 
D,  which  is  shown  separately  at  D^. 


JK*^ 

f. 

^ 

(W'^^^^^^JP^K 

^^M 

^^^^BWffWBWfe.^            "%M^ 

Wl 

^^^H^L,'M^'l^^^l^^l^^B&-'kMc«  \ 

L^  Vjjk  _  ',^iJk£^^|^^^^H 

Fig.  1. — View  of  LJU^s^BOM  Cbaxkless  Engine,  with  Casing  Removed. 

The  roller,  D  (Fig.  1),  as  well  as  the  rollers  of  the  three  other 
pistons,  runs  in  contact  with  the  elliptical  track,  E,  placed  in  the  casing, 
A,  and  fixed  between  the  two  halves  of  the  cover  when  they  are  screwed 
together. 
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In  the  centre  of  the  four  armed  casting;,  B,  is  a  concentric  and 
cylindrical  hole,  G,  and  at  the  I  ottom  of  each  of  the  cylinders  is  a  long 
slot,  F.  through  which  the  cylinders  communicate  with  the  hole,  G.  A 
stationary  and  cylindrical  balanced  steam-valve,  shown  separately  at  H, 
(Fig.  1)  is  fitted  into  the  hole,  G.  The  stationary  valve  is  screwed  at  the 
end,  Hi,  into  the  steam-supply  pipe,  which  enters  the  engine  at  the  centre 
of  that  half  of  the  cover  which  has  been  removed,  but  which  is  shown  in 


Fig.  2. — View  of  tue  Ljungstrom  Crankless  P]ngine. 

Fig.  2.  This  valve  has  two  long  supply-ports,  and  similar  exhaust-ports 
arranged  symmetrically  around  the  valve.  One  of  the  supply-ports  is 
shewn  at  I,  and  one  of  the  exhaust-ports  at  J  (Fig.  tl).  The  supply- 
port,  I,  communicates  inside  the  valve  with  the  steam-supply,  Hj,  and 
the  exhaust-port,  J,  communicates  inside  the  valve  with  the  exhaust-end. 

The  four  cylinders  (Bj,  Bj,  B3  and  B4)  rotate  together  with  the 
axle,  to  which  they  are  connected  by  a  screw-bolt  connection.  Centri- 
fugal force,  caused  by  this  rotation,  keeps  the  rollers,  D,  always  in 
contact  with  the  track,  E,  which,  in  consequence  of  its  elliptical  shape, 
causes  the  pistons  to  make  two  strokes  during  each  revolution  of  the 
engine. 

The  valve  being  stationary  and  the  cylinders  (Bi,  Bo,  B3  and  B4) 


THE    LJUNCtSTROM   CRANKLESS   ENGINE.  147 

rotating  round  it,  the  slots  in  the  bottom  of  the  cylinders  must 
necessarily  pass  over  the  supply  and  exhaust-ports  of  the  valve,  which 
therefore,  although  stationary,  regulates  the  supply  and  exhaust. 

The  cylinders  obtain  their  steam-supply  from  the  supply-port  of  the 
valve,  when  the  pistons  move  outward,  and  exhaust  the  steam  through 
the  exhaust-port  of  the  valve,  when  the  pistons  move  inward.  The 
rotating  force  of  the  engine  is  consequently  obtained  from  the  side-thrust 
given  by  the  pistons,  when  forced  by  the  steam- pressure  against  the 
outward-going  curves  of  the  track. 

The  exhaust-steam  passes  from  the  cylinders  through  the  ports, 
J,  of  the  valve,  to  the  end,  H.,,  and  thence  through  the  radial-slots 
in  the  coupling  of  the  cylinder-casting  and  the  main  shaft  into  the 
casing,  from  which  it  escapes  by  the  exhaust-pipe  formed  in  the  casing 
as  shown  in  Fig.  1. 

The  cut-off  of  the  steam  in  the  cylinders  depends  upon  the  width  of 
the  inlet-slots,  I,  in  the  valve,  but  it  can  also  be  regulated  by  a  slight 
alteration  of  the  radial  position  of  the  ports.  The  handle  for  adjusting 
the  valve  is  shown  in  Fig.  2. 

If  the  valve  be  turned  by  moving  this  handle  into  an  upward  position, 
the  inlet- slot,  I,  in  the  valve  will  come  into  such  a  position  relatively  to 
the  track,  E,  that  the  steam  will  enter  the  cylinders  when  the  pistons  are 
moving  inward  instead  of  outward,  thereby  producing  a  strong  back- 
pressure, which  first  stops  the  engine,  without  shock,  and  instantaneously 
sets  it  in  motion  in  the  opposite  direction.  The  direction  in  which 
the  engine  rotates  consequently  depends  upon  the  relative  radial  position 
of  the  inlet-opening,  I,  of  the  valve,  in  relation  to  the  outward-going 
curves  of  the  track,  E. 

By  adjusting  the  handle,  the  speed  of  the  engine  is  also  regulated, 
but  for  ordinary  purposes  a  governor  rotating  with  the  main  shaft  is 
attached  by  means  of  a  rod  going  through  the  shaft  of  the  engine  to  a 
throttle-valve  inside  the  steam-inlet  at  the  other  side  of  the  engine.  In 
Fig.  2,  the  governor  is  placed  inside  the  cylindrical  cover  extending 
from  the  centre  of  the  belt-pulley,  and  the  rod  from  the  governor  goes 
through  the  engine  to  the  throttle-valve  inside  the  casting  at  the  opposite 
side,  between  the  handle  and  the  steam-supply  pipe. 

The  rollers  inside  the  hollow  pistons,  D  (Fig.  1),  rotate  on  roller- 
bearings,  the  axles  of  which  are  fixed  at  both  ends  into  the  pistons,  as 
shown  at  C.  Each  piston  has  two  guides,  which  keep  it  from  twisting, 
and  maintain  parallelism  between  the  track  and  the  rollers.  Two  pistons 
are  always  moving  simultaneously,  and,  these  being  of  the  same  weight, 
the  motor  is  perfectly  balanced. 
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The  bottoms  of  the  radial  cylinders  are  placed  close  to  the  cylindrical 
valve,  and  the  cushioning- volume  of  steam  for  a  16  horsepower  engine  is 
less  than  5  per  cent,  of  the  volume  of  the  stroke. 

A  16  horsepower  engine  measures  about  13  inches  by  14  inches,  by 
20  inches,  and  weighs  less  than  85  pounds.  The  cylinders  are  2f  inches 
in  diameter  and  ||  inch  stroke.  The  experiments  recorded  in  the 
following  table  were  made  by  Prof.  R.  L.  Weighton  :— 


No.  of 
Experiment. 

1 
2 
3 
4 

Cut-off. 

Steam-Pressures 

per  Square  Inch 

at 

Revolu- 
tions per 
Minute. 

Brake 
Horse- 
power. 

Water 

used  per 

Hour. 

Water 
used  per 
Brake 
Horse- 
power 
per  hour. 

Pounds. 

51-74 
44  50 
39-29 
3809 

Boiler. 

Engine. 

1 
•t 

Pounds. 

78 
115 
159 
196 

Pounds. 

70 
100 
143 

188 

i,6i(; 

1,609 
1,600 

1,588 

4-63 

7-35 

11-43 

14-96 

Pounds, 

239 
327 
449 
569 

TRANSACTIONS. 
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THE  NORTH  OF  ENGLAND  INSTITUTE  OF  MINING  AND 
MECHANICAL  ENGINEERS. 


GENERAL  MEETING, 

Held  ix  the  Wood  Memorial  Hall,  Newcastle-upon-Tyne, 

June  9th,  1900. 


Mr.  WILLIAM  ARMSTRONG,  President,  in  the  Chaib. 

The  Secretary  read  the  minutes  of  the  last  General  Meeting  and 
reported  the  proceedings  of  the  Council  at  their  meetings  on  ]\Iay  26th 
and  that  day.  ^ 

The  following  gentlemen  were  elected,  having  been  previously 
nominated:  — 

Members — 
Mr.   Johan   August   Brinell,    Chief   Engineer,    Fagersta    Iron   and   Steel 

Works,  Fagersta,  Sweden. 
Mr.  R.  E.  Chambers,  Mine  Manager,  Bell  Island,  Conception  Bay,  New- 
foundland. 
Mr.     Eugene    Coste,    Mining    Engineer,    34,    Madison    Avenue,   Toronto, 

Ontario,  Canada. 
Mr.    George    Henry     Evans,   Mining,   Civil    and    Mechanical    Engmeer, 

Breckenridge,  Colorado,  United  States  of  America. 
Mr.  Walter  Twining  Holberton,  Mining  Engineer,  Copiapo,  Chile. 
Mr.   John  Kirsopp,  Junr.,  Mining  Engineer,  Cook  Inlet  Coal-fields,  Homer, 

Alaska  ;    and  AUerdene,  Lamesley,  Gateshead-upon-Tyne. 
Mr.  John  Alexander  McDonald,  Civil,  Mining  and  Mechanical   i^ngineer, 
c/o  Messrs.  R.  Williams  and  Company,  Bulawayo,  Rhodesia,  South 
Africa. 
Mr.   William   Edward   Rowlands,    Engineer,    16,    Penmaier-GIas   Road, 

Aberystwyth,  South  Wales. 
Mr.   Frederick   Carl   Wehner,   Mining   and  Metallurgical  Engineer,  5, 
Alexandra  Terrace,  Stanley  Road,  Wallington,  Surrey. 

Associate  Members  — 

Mr.  James  Ernest  Blair,  1,  Wool  Exchange,  Basinghall  Street,  London, 
E.G. 

Mr.   Willows  Hildred,  25,  Melgund  Road,  Highbury,  London,  N. 

Dr.  Theodor  Lorenz,  Hamburg-Hohenfelde,  Papenhuderstrasse,  5,  Ham- 
burg, Germany. 
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Students — 
Mr.    Matthew  Robsdn  Kirby,  Student  Mechanical  Engineer,  c/o  Mr.  A. 

L.  Steavenson,  Holywell  Hall,  Durham. 
Mr.    Charles    Herman    Merivale,    Colliery   Apprentice,   Togston    Hall, 

Acklington,  Northumberland. 
Mr.  Geor«k  Ror.EKT  0  swalp,  ISIining  Pupil,  106,  Senhouse  Street,  Maryport, 

Cumberland. 
Mr.  Alfred  Osborn  Wraith,  Mining  Student,  Moor  House,  Spennynioor, 

County  Durham. 

The  Secketary  read  the  Balloting  List  for  the  election  of  officers 
for  the  year  1900-1901. 

BENEVOLENT    FUND. 
'My.  M.   W.   Parrington  explained  that  the  Council  proposed  to 
establish   the  fund  on   similar    lines   to   that   in   connexion   with   the 
Institution  of  Civil  Engineers,  established  in  1804,  and  whose  accumu- 
lated funds  now  amounted  to  over  £40,000. 


AWARDS  FOR  PAPERS. 

The  Secretary  read  the  following  list  of  papers  communicated 
during  the  year  1898-1899,  for  which  prizes  of  books  had  been  awarded 
by  the  Council  to  the  authors:  — 

"  The  Western  Interior  Coal-field  of  America."     By  Mr.  H.  Foster  Bain. 
"  The  Transvaal  Coal-field."     By  Mr.  William  Peile. 

"  The   Ore-deposits  of    the   Silver  Spur  Mine   and  Neighbourhood,   Texas, 
Queensland."     By  Mr.  H.  G.  Stokes. 
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XORTH  OF  EXGLAXD  IXSTITFTE  OF  MIXING  AXD 
MECHAXICAL  EXGIXEEES. 


STUDENTS'  MEETING, 

Held  in  the  Wood  Memorial  Hall,  Newcastle-upox-Tyne, 

July  ^Ist,   1900. 


Mr.  H.  S.  STRATTON  ix  the  Chair. 


Mr.  X.  M.  Thorntox  read  the  following  paper  on  "  Longwall 
Methods  in  the  Eastwood  District,  Xottinghamshire  "  :  — 

LOXGWALL  METHODS  IX  THE  EASTWOOD  DISTRICT, 
XOTTIXGHAMSHIEE. 


By  NORMAN  M.  THORNTON. 


Eastwood  is  a  small  to^vn  situated  in  the  west  of  the  Xotting- 
hamshire coal-field,  about  9  miles  north  of  the  city  of  Xotting- 
ham. 

Geology. — The  Coal-measures  on  the  eastern  side  of  the  district 
are  overlain  by  Permian  Limestones.  These  run  out  towards 
the  west,  from  which  locality  they  have  possibly  been  removed 
by  glacial  action.  The  coal-seams  lie  deepest  near  the  eastern 
boundary  of  the  district,  and  the  general  dip  of  the  strata  is  1  in  20 
in  that  direction. 

The  following  section  exhibits  the  succession  of  strata  in  de- 
scending order : — 
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Permian  rooks  - 

Magnesian  Limestone 
Marls  and  Sandstones 

Middle  Coal-measures  — 
Strata 

Coomb  Coal-seam   ... 
Strata 

Top  Hard  Coal-seam 
Strata 

Deep  Soft  Coal-seam 
Strata 
Lower  Hard  Coal-seam 

'  The  strata  to  the  Killjurn  coal-seam  have  not  been  proved,  except  at  a  faulted  place,  where  the 
seam  was  found  only  2  feet  8  inches  thick. 


Thickness. 
Feet.    Ins. 

Depth  from 
Surface. 
Feet.    Ir  s. 

20 

0 

20     0 

336 

0 

356    0 

607 

6 

963    6 

o 

6 

966    0 

0 

9 

966    9 

o 

3 

972    0 

356 

10 

1,328  10 

3 

.) 

1,332     0 

IS 

0 

1,350     0 

3 

0 

1,353     0* 

Tojj  Hard  Coal-seam. — The  bottom  portion  of  the  seam  con- 
sists of  a  band  of  cannel  coal  17  inches  thick;  the  entire  seam 
(5  feet  3  inches  thick)  is  perfectly  clean,  and  contains  no  dirt- 
bands.      It  is  extensively  worked  on  the  longwall  system. 

The  gateroads,  11  feet  wide,  are  made  120  feet  apart,  and  ai'e 
supported  by  pack- walls,  12  feet  thick,  on  either  side.  In  those  dis- 
tricts of  the  seam,  where  stone  is  more  plentiful,  additional  pack- 
walls,  6  feet  wide,  are  built  between  the  gateroads.  The  roof  is 
goou  sound  shale,  easy  to  rip  and  with  a  tendency  to  bend  towards 
the  goaf  without  fracturing.  About  2  feet  9  inches  of  this  shale  is 
taken  down  in  the  gateroads,  usually  without  the  assistance  of 
explosives,  and  these  canches  or  "  lips  "  are  kept  within  9  feet 
of  the  working-face.  Owing  to  the  excessive  pressure,  the  roads 
become  squeezed  and  narrow,  and  require  to  be  side  as  well 
as  top-ripped.  The  roof  subsides  more  or  less  quickly,  but 
after  a  second  ripping  it  stands  firmly  without  requiring  to  be 
suppoi*ted  by  timbei-. 

Cross-gateroads  are  driven  800  feet  apart  at  an  angle  of  50  de- 
grees to  the  main  roads,  and  the  pointed  ends  of  their  pack-walls 
are  secured  by   V  shaped  chocks  built  of  soft  wood. 

The  gateroads  are  laid  with  double  way,  for  a  distance  of  180 
feet  from  the  working-face,  and  flat-sheets  are  used  to  form  turn- 
tables for  the  tubs.  A  tram-line  is  laid  along  the  working-face, 
and  is  shifted  forward  as  the  face  advances ;  it  is  only  of  a  tem- 
poraiy  nature,  the  rails  being  held  in  position  by  notched  wooden 
sleepers. 
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The  seam  is  holed  or  iindercut  to  a  depth  of  o  or  <i  feet,  and  the 
lioliiig"  only  measures  18  inches  in  height  at  the  highest  point. 
The  holing  is  made  partly-  in  a  thin  fire-clay,  which  underlies  the 
seam,  and  partly  in  the  coal.  The  quantity  of  small  coal  made 
during  holing  is  insignificant,  and  after  it  has  been  mixed  with 
the  fire-clay  debris,  to  reduce  to  a  minimum  the  risk  of  spon- 
taneous combustion,  it  is  thrown  into  the  gob  among  the  larger 
stones  of  the  packing. 

Holing  commences  in  the  early  morning,  and  the  coal,  when 
undercut,  is  supported  by  sprags,  set  not  more  than  6  feet  apart. 
After  some  hours  have  elapsed,  advantage  is  taken  of  the  great 
pressure  which  has  been  brought  to  bear  upon  the  under-clay  at 
the  back  of  the  holing :  the  fractured  stone  is  removed  and  often 
6  or  7  inches  is  added  to  the  depth  of  the  holing.  The  sprags  are 
then  withdrawn,  two  at  a  time,  and  the  coal  falls  in  huge  masses, 
which  are  broken  into  convenient  lumps  and  loaded  into  tubs. 

At  the  face,  the  roof  is  supported  by  three  rows  of  stout  Xorway 
props  set  4  to  5  feet  apart,  and  fitted  with  head-trees  and  tail-trees. 
TVhen  necessaiy  the  row  of  props  next  the  gob  is  drawn  by  a  chain 
and  lever.  Xo  timber  is  allowed  to  be  lost,  and  a  fine  of  -Sd.  is  im- 
posed for  each  prop  left  in  the  goaf. 

The  Coomb  coal  (2  feet  6  inches  thick)  is  removed  in  the  gate- 
roads,  during  the  second  ripping,  and  being  (like  the  Top  Hard) 
a  good  house-coal,  it  is  sent  to  bank.  When  the  goaf  settles,  and 
the  district  boundary  has  been  reached,  this  Coomb  coal  is  worked 
by  the  longwall  retreating  method,  and  the  coals  are  conveyed 
along  the  old  gateroads,  previously  constructed  in  the  Top  Hard 
seam. 

Safety-lamps  are  used  in  both  of  these  seams,  and  no  blast- 
ing is  required  to  blow  down  the  coal,  after  it  has  been  holed. 

Dee  J}  Soft  Coal-seam. — ^This  seam  measurevS  from  3  feet  2 
inches  to  3  feet  8  inches  in  thickness,  and  is  mostly  worked  during 
the  winter  months. 

The  gateways  are  driven  132  feet  apart,  and  supported  by  pack- 
walls  12  feet  wide,  with  intermediate  pack-walls,  6  feet  thick. 

The  holing  is  made  in  two  dirt-bands  and  3  inches  of  coal,  and 
is  supported  by  sprags  set  4  feet  6  inches  apart.  Xo  blasting  is 
permitted  in  the  coal.  The  method  of  getting  the  undercut  coal 
is  the  same  as  that  adopted  in  the  Top  Hard  coal-seam. 
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Two  rows  of  timber  are  set  to  support  the  roof:  the  foremost 
row  of  props  carries  planks  running'  at  right  angles  to  the  face, 
with  one  extremitj-  notched  into  the  coal. 

Lower  Hani  Coal-seam. — This  seam,  3  feet  thick,  is  worked  on 
the  same  general  lines  as  the  Deep  Soft  Coal-seam.  Safety-lamps 
are  used  in  the  Deep  Soft  and  Lower  Hard  coal-seams,  and  blasting 
is  only  permitted  in  the  gateroads. 

A  great  factor  in  the  success  of  this  longwall  working,  which 
applies  to  all  the  seams  already  mentioned,  is  the  keeping  of  the 
working-face  as  near  end-on  or  face-on  as  possible  :  thus  securing 
the  most  regular  shape  and  size  of  coal,  and  avoiding  the  produc- 
tion of  small  coal,  which  is  of  little  value.  This  factor  of  course 
necessitates  keeping  the  face  in  as  straight  a  line  as  possible,  and 
of  prodiicing  an  even  settling  of  the  weight  on  the  pack-walls. 

Labour. — The  labour  arrangements  are  upon  the  butty  system. 
Three  contractors  or  stallmen  usually  rent  a  gateroad  or  stall,  and 
having  a  superior  position  to  the  other  workmen  they  are,  or 
should  be,  chosen  from  the  most  experienced  and  skilled  work- 
men. The  contractors  are  paid  a  tonnage  price  and  provide  all 
labour  required  in  their  stall,  usually  including  2  loaders,  2  stone- 
men,  1  dayman,  2  holers,  and  1  boy.  This  system  provides  suit- 
able employment  for  young  men  and  youths,  and  enables  them  to 
gain  practical  experience.  The  employment  consists  of  holing 
or  undercutting  the  coal  by  piece  or  stint  or  by  day's  wage;  or 
of  day-work,  which  may  include  loading  the  coal,  throwing  back 
dirt  into  the  goaf,  and  biiilding  pack-walls.  The  contractors  do 
all  work  requiring  skill  and  judgment,  such  as  setting  and  draw- 
ing timber,  taking  down  coal  after  it  has  been  holed,  and  blasting. 

The  second  and  succeeding  rippings  in  the  gateroads  are  per- 
formed by  "  master-men,  "  or  shifters,  who  go  into  the  mines  at 
night. 

Ventilation. — A  scale  of  air  flow^s  along  each  gateroad,  and  by 
placing  a  hurdle-cloth  across  the  road  it  is  conducted  into  the 
cavity,  formed  by  the  "  lip  "  which  might  form  a  receptacle  for 
gas  :  and,  as  an  additional  precaution,  a  safety-lamp  is  susjaended 
on  the   inbye-side   of  the   hurdle-cloth,   as   near   to  the   roof  as 
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possible.  Although  the  ventilation  rarely  permits  gas  to  ac- 
cumulate, its  presence  in  such  a  position,  would  at  once  be  detected 
from  the  tailing  of  the  flame,  by  the  men  working  in  the  gateroads. 
Officials  frequently  travel  along  the  working-face  during  the  shift, 
and  test  every  "  lip  "  and  break  in  the  roof  for  fire-damp. 

Ftf  lilts,  etc. — Faults  are  practically  unknown  in  this  district, 
even  hitches  are  seldom  encountered  in  the  workings,  and  the 
seams  var\'  but  little  in  quality  and  section  over  large  areas. 

Occasionally  small  anticlinal  ridges  traverse  an  area  in  a 
north-westerly  and  south-easterly  direction.  These  irregularities 
interfere  but  little  with  the  mining-operations,  beyond  requiring 
a  few  crooked  gateways  to  be  made  in  the  synclinal  hollows. 

Subsidences. — While  several  of  the  shafts  were  being  sunk 
some  difficulty  was  experienced  in  dealing  with  feeders  of  water, 
which  permeated  through  the  fissures  in  the  Coal-measure  sand- 
stone from  a  large  water-reservoir.  It  has  been  found  that  the 
whole  of  the  coal  can  be  safely  removed  from  under  the  reservoir ; 
and  little  water  is  encountered  during  the  operation,  beyond  a 
small  feeder  which  is  utilized  to  spray  the  roads  of  the  mines. 

A  seam  (iOO  feet  below  the  surface,  is  being  worked  under  one 
end  of  a  water-reservoir,  which  is  1  mile  long.  The  bottom  of  the 
reservoir  has  subsided  in  a  gradual  wave,  leaving  a  dry  tract  of 
ground  at  one  end  of  the  resei-voir.  After  the  seam  has  been  re- 
moved, the  surface  subsides  so  regularly,  that  ultimately  it  is 
expected  the  reservoir  will  assume  its  former  shape. 
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APPENDICES. 


I.— NOTES  OF  PAPERS  ON  THE  WORKING  OF  AMINES,  METALLURGY, 
ETC.,  FROM  THE  TRANSACTIONS  OF  COLONIAL  AND  FOREIGN 
SOCIETIES  AND  COLONIAL  AND  FOREIGN  PUBLICATIONS. 


THE  AGE  OF  METALLIFEROUS  VEINS. 

Zur  Bestimmung  des  Alters  der  Gange.  By  Prof.  H.  HiiFER.  Oesfen-eichische 
Zeitschrift  far  Berg-  und  Hilttemfexen,  1899,  rol.  xlvii.,  pages  157-160 
and  169-171,  loith  2  figures. 

Mr.  J.  Arthur  Philips'  Treatise  on  Ore-deposits  gives  a  general  theory  of 
metalliferous  deposits,  with  a  sketch  of  those  now  known  in  the  whole  world; 
but,  although  a  few  pages  are  devoted  to  the  age  of  veins,  there  are  but  few 
indications  serving  to  determine  that  age,  and  the  author  thought  that  it 
would  be  useful  to  discuss  the  subject. 

The  formation  of  a  vein  corresjjonds  with  two  distinct  phases,  the  first 
being  the  formation  of  the  vein-cleft,  and  the  second  its  filling.  While  the 
former  is  purely  mechanical,  the  latter  is  generally  chemical;  and  these  two 
pliases  must  be  considered  successively  with  respect  to  their  age.  All  clefts 
are  caused  by  an  impulse,  which  has  either  originated  in  the  enclosing  rock  or 
outside  it,  giving  rise  to  diaclases  and  paraclases. 

The  diaclases,  due  to  contraction  of  the  rock,  may  be  caused  by  cooling 
down,  as  in  the  eruptive  rocks,  or  by  loss  of  matter,  as  in  the  drying  of  wet 
rocks,  or  again  in  some  metamorphisms;  and  the  diaclases  are  in  many  cases 
a  consequence  of  the  solidification  of  the  rocks,  so  that  they  must  be  regarded 
as  of  the  same  age.  Inasmuch  as  the  eruption-age  of  a  massive  rock  or  the 
deposition-age  of  a  sedimentary  rock  may  generally  be  determined,  the  age  of 
the  diaclase  will  also  be  known.  Only  in  contraction  fissures,  due  to  metamor- 
phisms, is  it  often  difficult  to  determine  the  age ;  but  the  metalliferous  deposits 
of  that  origin  are  rare,  so  that  it  may  be  admitted,  for  most  contraction- 
fissures,  that  the  diaclases  are  of  the  same  age  as  their  enclosing  rocks.  The 
duration  of  the  formation  of  diaclases  in  one  and  the  same  rock  has  been 
relatively  short,  so  that  all  these  fissures  may  be  regarded  as  of  the  same  age ; 
and,  as  a  reciprocal  crossing  of  the  veins  due  to  contraction-fissures  has  never 
been  observed  to  the  author's  knowledge,  it  may  be  presumed  that  the  forma- 
tion of  the  fissures  was  completely  terminated  before  their  filling  began,  which 
would  again  prove  the  short  duration  of  the  diaclase  formation. 

It  is  more  difficult  to  determine  the  geological  age  of  the  paraclases,  and 
consequently  that  of  most  veins,  especially  thick  veins ;  biit  at  any  rate  they 
are  more  recent  than  the  enclosing  rock,  this  difference  of  age  often  embracing 
the  duration  of  several  formation-periods.  The  ancient  rocks  contain  metalli- 
ferous veins  more  frequently  than  do  the  recent  rocks;  and  this  is  due  to  the 
fact  that  the  former  have  been  longer  exposed  to  the  formation  of  the  paraclases 
than  have  the  latter.  The  origin  of  the  paraclases  is  due  to  the  action  of  an 
external  force,  such  as  gravity  (cleft  of  subsidence),  upward  pressure  (cleft  of 
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fracture),  or  lateral  pressiie  (cleft  of  thrust).  The  clefts  of  fracture,  caused 
by  increase  iu  the  volume, of  a  subjacent  rock,  are  relatively  rare,  those  resulting 
from  lateral  pressure  being  the  most  freqiient. 

The  following  are  the  characteristics  that  may  serve  to  determine  the  age 
of  vein-paraclases : — 

(1)  It  is  generally  admitted,  when  a  vein  stops  short  at  a  rock  of  more  recent 
age  than  the  enclosing  rock,  that  its  age  is  comprised  between  those  of  the  two 
rocks;  and,  although  this  observation  generally  holds  good,  it  must  not  be 
taken  too  absolutely. 

(2)  The  jjreceding  case,  in  which  the  discordance  between  two  rocks  serves 
to  determine  the  age  of  a  paraclase,  leads  to  a  second  group  of  phenomena, 
suitable  for  determining  the  age  of  a  fissure,  namely,  the  existence  of  a 
dislocation. 

(3)  The  metalliferous  veins  which  traverse  a  rock  of  age  A  (say  Jurassic) 
are  affected  by  a  fault,  the  age  B  of  which  (say  Eocene)  is  known  so  that  the 
age  of  these  veins  is  comprised  between  A  and  B — say  Cretaceous  in  the  example 
given; — and  this  observation  applies  to  the  case  in  which  the  fault  is  constituted 
by  another  and  more  recent  metalliferous  vein,  the  age  B  of  which  is  determin- 
able. 

(4)  In  sedimentary  formations,  massive  rocks  are  found  iu  the  state  of  over- 
flow or  interstratificd  (veins  and  masses),  the  eruption  age  of  which  is  known, 
and  when  these  eruptive  masses  are  traversed  by  veins,  the  latter  are  more 
recent  than  the  former,  and  the  age  of  these  veins  may  be  precisely  determined 
when  the  masses  are  of  recent  origin;  but  this  is  so  much  less  the  case  as  the 
age  of  the  eruption  is  farther  removed  from  the  present  time.  On  the  other 
hand,  the  eruptive  rock  may  traverse  the  vein,  and  in  that  case  the  latter  is 
more  ancient  than  the  former. 

(5)  Let  it  be  supposed  that  certain  veins  make  their  appearance  in  measures 
of  known  age — say  Silurian,  and  that  there  are,  side  by  side  but  unconformable, 
beds  of  an  age  also  determined — say  Lower  Carboniferous — containing 
a  bed  mixed  mechanically  with  ores  exactly  like  those  of  the  veins — for 
instance,  galena  of  concordant  silver-content.  In  such  case,  the  veins  must 
have  been  completely  formed  before  this  bed,  so  that  in  the  example  cited 
the  age  of  the  vein-clefts  and  of  the  filling  is  Devonian. 

The  clefts  of  a  vein-district  may  be  of  different  age,  as  proved  by  crossings, 
throws,  the  formation  of  double  or  triple  veins,  or  of  two  veins,  one  of  which 
was  completely  formed  and  therefore  filled  before  the  cleft  of  the  other  was 
opened;  and  the  age  of  two  similar  veins  may  differ  by  several  formations.  If 
it  be  desired  to  determine  as  exactly  as  possible  the  age  of  a  paraclase,  it  is 
not  siifficient  to  study  the  vein-district ;  but  a  profound  geological  knowledge 
of  the  parts  surrounding  it  must  be  acquired,  in  order  to  permit  of  determining 
the  epochs  of  great  dynamic  transformations,  because  it  is  very  probable 
that  they  were  accompanied  by  the  formation  of  several  large  fissures.  At  what 
epoch  occurred  the  principal  upheavals,  subsidences  or  out-throws  of  the  vein- 
districts?  An  answer  to  this  question  will  generally  solve  the  problem  as  to 
the  age  of  the  paraclase. 

The  second  act  in  the  formation  of  veins,  namely,  the  filling,  must  in  a 
great  number  of  cases  have  followed  closely  on  the  formation  of  the  vein-clefts, 
at  any  rate,  at  the  beginning  of  this  filling ;  and  such  is  especially  the  case  with 
diaclases  in  the  eruptive  rocks  that  were  formed  while  the  cooling  occvirrcd, 
and  at  an  epoch  in  which  hot  water  burst  in,  and  perhaps  also  gases  which  have 
contributed  to  the  deposit  of  vein-minerals.  In  other  cases,  the  filling  must 
have  succeeded  closely  on  the  opening  of  the  cleft,  without  its  being  possible 
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very  often  to  say  when  the  mineral  formation  terminated;  and  the  narrower 
the  veins,  the  richer  were  the  mineral-solutions,  the  more  favourable  were  the 
factors  of  precipitation,  and  the  more  rapid  also  the  filling,  it  being  admissible 
that,  where  there  was  only  a  crystalline  incrustation,  the  phenomenon  was  of 
less  duration  than  in  the  case  of  veins  containing  large  and  fine  crystals. 

In  most  cases,  all  that  can  be  done  is  to  determine  the  age  of  a  fissure, 
because  the  filling  may  have  extended  over  a  long  period,  as  to  the  end  of 
which  there  are  rarely  any  indications.  Another  guide  may  be  given  in  some 
cases  by  pebbles  that  may  have  fallen  from  the  surface  into  the  vein  while 
the  vein-minerals  were  being  deposited  there;  but  it  is  well  known  that  such 
pebbles  are  very  rare  in  veins,  and  it  would  be  a  fortunate  chance  to  find  one 
belonging  to  a  more  recent  age  than  the  sides  of  the  vein. 

Another  method  for  ascertaining  the  age  of  a  vein-mass  is  exact  obser- 
vation of  the  point  where  the  vein  is  covered  or  (^ut  by  a  more  recent  enclosing 
rock ;  and  in  such  a  case  the  cleft  is  more  ancient  than  the  cover.  If  it  had  not 
yet  been  filled,  the  covering  matter  would  have  entered  it;  and  also  there 
might  possibly  have  been  an  impregnation  of  the  vein's  minerals  in  the  cover 
starting  from  the  end  of  the  vein,  while,  if  the  vein  was  completely  filled  when 
it  was  covered,  a  clear  line  of  demarcation  should  be  observed  at  the  plane  of 
contact.  J.  W.  P. 


MINEEAL  EESOUECES  OF  TRANSCASPIA,  EUSSIAN  ASIA. 

Einige  Mittheilungen  ilher  die  Salzausbeute,  Naphthageioinnung  und  das  Vorkom- 
men  von  nutzharen  Mineralien  in  Transkaspien.  By  F.  Thiess.  Zeitschrift 
fur  das  Berg-,  Hiltten-  und  Salinen-wesen  ini  Preussischen  Staate,  1899,  rol. 
xlvii.,  pages  133-134. 

The  author  starts  with  a  brief  physiographical  description  of  the  coimtry, 
and  notes  that  an  absence  of  running  streams  is  characteristic  of  the  plateau 
of  Ust-Urt,  which  forms  the  northern  and  north-western  portion  of  Trans- 
casi^ia.  There  salt-lakes  and  pans  abound,  while  in  places  fresh  water  is  got 
by  sinking  wells.  Ihe  central  portion  of  Transcaspia,  the  Kara  Kum,  is  a 
treeless,  sandy,  all  but  waterless  plain,  lying  in  part  about  145  feet  below  the 
level  of  the  Caspian  Sea :  all  the  streams,  with  the  exception  of  the  Amu 
Darya  and  the  Atrek,  are  lost  in  the  sands  of  the  desert.  Very  different  are 
the  features  of  the  southern  portion  of  the  jJrovince,  which  is  mountainous 
and  fertile  and  well-cultivated  along  the  river-valleys. 

Salt  occurs  all  over  TranscasjDia  in  the  form  of  rock-salt  dejDosits,  brine- 
springs  and  salt-lakes.  It  is  worked  industrially  in  the  districts  of  Kras- 
novodsk  and  Mangishlak  aloue,  being  elsewhere  used  by  the  inhabitants  for 
their  personal  consumption.  The  principal  deposits  are  those  of  Cheleken 
and  Balla  Ishem,  where  the  available  mass  of  salt  is  estimated  to  amount  to 
240,000,000  puds  (3,870,000  tons).  The  principal  salt-lakes  are  those  of 
Mulla-Kara,  Kuli  which  covers  an  area  of  70,300  acres,  Kukurt  Ata,  Kara 
Baba,  Kara  Kul,  etc.  The  Transcaspian  oiitput  of  salt  in  1895  amounted  to 
22,000  tons,  nearly  four-fifths  of  which  was  got  from  the  Cheleken  deposits. 
The  salt  is  conveyed  thence  by  way  of  Usun  Ada  to  the  harbours  on  the  Caspian 
or  is  exported  to  Persia. 

The  existence  of  naphtha-springs  had  been  ascertained  long  before  the 
Eussiaus  seized  iipon  the  country.  The  mountain-ranges  on  the  eastern  shore 
of  the  Caspian  are  regarded  as  a  continuation  of  the  Caucasus,  and  it  is  thought 
that  the  naphtha-springs  on  either  shore  of  that  sea  are  the  outlets  of  an 
enormous  subterranean  reservoir  which  stretches  right  away  from  the  Caucasus 
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under  tlic  Caspian  into  Transcaspia.  The  annual  output  of  naphtha  in  Trans- 
caspia  appears  to  have  steadily  diminished  from  4,669  tons  in  1890  to  1,393 
tons  in  1895.  Nevertheless,  the  author  predicts  a  great  future  for  the  in- 
dustry in  that  province. 

Ozokerite  occurs  on  the  Cheleken  Peninsula,  in  the  Naphtha  Dagh. 

Sulphur  is  found  at  Daniba  and  Shiik,  near  Ceok  Tepe,  on  the  road  to 
Askhabad  (Kara-Kiini),  at  Kukurtlinsk,  between  the  railway-stations  of  Balla 
Ishem  and  Mulla-Kara,  at  the  Usun-Ada,  and  in  places  along  the  shores  of 
the  Caspian.  In  the  Kara-Kum  region  about  4,915  tons  of  sulphur  have  been 
got  in  the  years  1890  to  1895.  Bed  and  white  gypsum  is  worked  on  the 
Krasnovodsk  peninsula,  the  output  in  1895  amovmting  to  1,245  metric  tons. 

Saltpetre  has  been  discovered  at  Annao,  galena  at  Kara-Kala,  potters' 
clay  and  porphyry  at  the  Techen;  it  is  said,  moreover,  that  iron-ores,  copper- 
ores,  and  coal-seams  occur  in,  Transcaspia,  but  exact  information  as  to  these 
finds  is  not  yet  forthcoming.  L.  L.  B. 


GEOLOGY   OF   THE   ISLAND   OF   EHODES. 

Geologi'iche    Uehemichtskarte    der  Insel  lihodus.      By  Gejza  vok  Btjkowski. 
Jakr'iich    der    Kaiserlich-Koniglichen    Geologischen    Beichsanstalt,    1898, 
vol.  xlriii.,  pages  517-688,  irith  1  plate. 
The  author  gives  a  detailed   description  of  the   geology  of  this  island, 
which     appears     to     consist     of     Cretaceous     and     Eocene     limestones,     to- 
gether with  more  modern  alhivial  and  fluviatile  deposits.     Among  the  eruptive 
rocks,  serpentine,  diabase,  porphyrite  have  been  found. 

H.  L. 


EAE-EL-MADEN  lEON-OEE  MINE,  ALGIEES. 

Note  sur  la  Mine  de  Fer  mangan6sifere  de  Rar-el-Maden,  Province  d'Oran.     By 
Ed.  Dietz.     Revue  Universelle  des  Mines,  1899,  vol.  xlvii.,  pages  165-172. 

In  his  researches  into  the  origin  of  non-sedimentary  iron-ores,  the  author 
has  always  noticed  that,  when  the  ferruginous  water  that  has  formed  the 
ore  by  siibstitution  for  the  limestone  was  sulphated,  gypsum  is  found  in 
quantities  with  the  ore,  and  also  deposits  of  gypsum  in  the  neighbourhood  of 
the  iron-ore  deposit.  He  even  feels  justified  in  stating  that  such  mineral 
water  has  metamorphosed  the  schists  wliile  depositing  gypsum  in  their  place. 
On  examining  the  point  of  contact,  the  observer  may  see  the  various  jDhases 
of  the  transformation,  in  the  same  manner  that  shreds  of  schists  and  clays 
are  found  in  the  midst  of  the  gypsum ;  and  indeed  the  stratification  of  the 
gypsum  resembles  that  of  schists  for  which  gypsum  has  been  substituted. 

On  the  other  hand  it  may  be  noticed  that,  when  the  ferruginous  mineral 
water  was  bicarbonated,  and  had  acted  upon  sedimentary  or  amorphous 
limestone,  crystalline  limestone,  or  marble,  is  always  found  in  proximity, 
the  marble  having  doubtless  existed  in  the  state  of  liqiiid  bicarbonate  of 
lime.  The  small  nests,  grains,  etc.,  found  in  this  marble  are  only  the  result 
of  the  crystallization,  in  which  affinity  plays  the  largest  part ;  but  these  pieces 
of  ore  have  not  fallen  into  this  mass,  as  is  stated  in  some  publications  on 
geology. 

When  the  mineral  water  contained  iron  in  the  state  of  jDrotoxide,  it  often 
happens  that  the  calcareous  water  forming  the  residue  still  contains  a  certain 
quantity  of  iron  carbonate,  which  has  crystallized  with  the  calcareous  mass, 
and  formed  a  marble  of  more  or  less  deep  yellow  colour  on  the  surface. 
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The  method  of  formation  may  also  be  easily  traced  if  attention  he  hestowed 
on  the  stratification,  the  inclination  and  the  composition  of  the  sedimentary 
limestone  into  which  ferriferous  mineral  water  has  iDenetrated.  The  iron-ore 
separates  from  the  crystalline  limestone,  always  forming  lenticular  masses, 
which  follow  or  touch  one  another,  because  the  solutions  follow  the  cleavage 
of  limestone  before  all  things;  but  they  also  penetrate  by  their  dissolving 
power  across  the  thin  scales  of  limestone  while  following  a  fracture.  Accor- 
dingly, in  the  midst  of  the  sedimentary  limestone  are  seen  masses  of  crystalline 
limestone,  or  marble ;  and,  if  the  latter  should  contain  a  little  iron,  and  come 
to  the  surface  through  erosion  or  denudation,  it  will  assume  a  yellow  colour, 
and  delineate  fluid  forms  in  the  sedimentary  limestone,  as  if  the  mass  had 
penetrated  the  limestone  in  the  state  of  a  liquid  mngma. 

J.  W.  P. 


GOLD-BEARING  COBALT-VEINS  IN  THE  TRANSVAAL. 

Goldhcdtige  Kohaltgdiifje  in  Trann-aal.     By  Hans  Oehmichen.     Zeitschrift  fur 
PraktUche  Geologle,  1899,  pages  271-274,  vith  a  figure  in  the  text. 

The  old  workings  on  the  Kruis  river,  a  tributary  of  the  Olifants  river, 
some  40  miles  north  of  Middelburg,  were  opened  up  again  after  a  lapse  of 
about  20  years  by  Mr.  Dorfifel.  At  the  same  time,  as  the  result  of  further 
prospecting  in  the  neighbourhood,  several  cobalt-veins  were  discovered,  one 
of  which,  the  Laatsch  Drift  vein,  is  auriferous  like  that  of  the  Kruis  river 
(originally  described  by  Mr.  E.  J.  Dunn  in  1877). 

To  begin  with  the  Kruis  river  vein:  it  is  only  about  1  inch  or  so  thick, 
but  the  country-rock  (aplite  belonging  to  the  Upper  Lydenburg  Quartzite 
group)  on  either  side  of  the  actual  vein  is  richly  impregnated  with  ore  to  a 
breadth  of  2  feet  or  more.  The  vein  strikes  east  and  west,  pitches  60  to  70 
degrees  southward,  and  has  been  followed  for  about  §  mile  along  the  strike. 
On  the  hanging-wall  side  there  is  a  maximum  thickness  of  7  feet  of  aplite 
which  is  then  succeeded  by  diabase :  on  the  foot-wall  side  diabases  are  also 
interbedded  with  the  ajjlite. 

The  ore  is  silvery-white,  and,  in  the  coarsely  crystalline  parts  of  the  vein, 
shows  a  tendency  to  cleave  in  three  directions :  this  property,  combined  with 
the  extraordinary  difficulty  of  fusing  the  material  before  the  blowpipe-flame 
cast  some  doubt  on  its  true  character,  but  chemical  analysis  shows  that  it  has 
precisely  the  composition  of  smaltine.  Auriferous  quartz  appears  here  and 
there  as  an  infilling  of  the  vein-fissure.  The  average  gold-content  varies  from 
6  to  15  parts  in  100,000,  the  cobalt-percentage  from  7  to  8,  and  that  of  nickel 
from  0-5  to  1. 

The  Laatsch  Drift  vein  occurs  about  3  miles  to  the  westward  of  that 
just  described.  It  goes  perpendicularly  down  through  diabase.  The 
vein-stuff  is  auriferous  quartz,  containing  nests  chiefly  of  smaltine  and 
accessorily  of  copper-ores.  The  cobalt-ore  is  dark  grey  to  black,  coarsely 
crystalline,  with  barely  perceptible  cleaveage,  fuses  easily  in  the  blowpipe, 
and  contains  a  high  percentage  of  iron.  Next  in  abundance  is  chalcojDvrite, 
while  iron-pyrites  and  molybdenite  occur  in  very  small  quantity.  The  gold- 
content  is  stated  at  1  to  2\  parts  in  10,000  and  assays  have  led  to  the  conclu- 
sion that  the  precious  metal  is  associated  with  the  cobalt,  but  that  none  is 
to  be  found  in  the  chalcopyrite,  which  is,  however  argentiferotis. 

The  author  describes  also  the  Rooival  cobalt-vein,  which,  5^  miles  to  the 
west  of  the  Kruis  river  vein,  strikes  perpendicularly  to  that  vein,  that  is,  north 
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and  south.  It  varies  in  thickness  from  2  to  14  inches  and,  although  in  certain 
luinoralogical  associations  it  recalls  the  auriferous  copper-veins  of  La  Higuera 
in  Chile,  it  does  not  appear  to  be  gold-bearing. 

L.  L.  B. 


lEON-ORE  DEPOSITS  OF  TABARCA,  TUNISIA. 

yote  sur  les  Mi7ierni'<  de  Fer  des  Temtoires  den  Aleknwi  et  f/e.s  Nefzas  (  Tnvisie). 
By  A.  Prost.  AnuaJes  rfes  Mines,  1899,  -Hfries  9,  vol.  xv.,  pages  533-554, 
and  2  plates  (mapsj. 

In  the  territory  of  the  Nefza  and  Mekna  tribes  near  Tabarca  are  certain 
iron-ore  deposits  which  can  be  exploited  by  opencast  workings,  and  in  1884 
no  less  than  seven  mining-concessions  were  granted  for  that  purpose.  Little 
use,  however,  had  been  made  of  them  so  far,  perhaps  because  the  lessees  were 
discouraged  on  finding  that  the  ores  generally  contain  a  small  percentage  of 
arsenic.  Meanwhile  the  progress  in  metallurgical  science  and  the  great  recent 
development  of  industrial  plant  and  means  of  transjiort  in  Tunisia  have 
induced  engineers  and  others  again  to  turn  their  attention  to  a  neglected 
source  of  wealth.  The  author  being  entrusted  with  the  inspection  of  the 
Tunisian  mines  from  1895  to  1898,  availed  himself  of  the  opportunity  to  make 
a  careful  study  of  the  Tabarca  deposits.  He  divides  the  seven  concessions 
previously  mentioned  into  two  groups:  — 

One  in  the  Meknas  territory,  Eas-er-Rajel,  lies  between  the  Wadis  Ber- 
kukesh  and  Bii-Tarfos,  6J  miles  as  the  crow  flies  east  of  Tabarca.  The  other 
group,  19  miles  north-east  of  that  port,  includes  the  properties  of  Bu  Lanagg, 
Jebel  Bellif,  Wadi  Bu  Zenna,  Tamera,  Ganara  and  Burshiba.  The  ores  are 
a  mixture  of  manganiferous  brown  and  red  haematites,  occuring  in  lenticular 
masses  of  varying  thickness  and  extent.  They  lie  in  argillaceous  sandstones 
which  are  interstratified  with  clays :  the  immediate  roof  is  a  white  or  bluish 
laminated  clay,  overlain  by  Numidian  Grits  (Upper  Eocene).  The  floor  is  often 
a  calcareous  conglomerate,  bound  together  by  a  ferruginous  cement:  below 
this  comes  a  thickness  of  300  feet  or  more  of  bluish-grey  marls. 

The  author  gives  a  succint  descrijation  of  the  exploration-workings, 
now  mostly  fallen  in  or  impassable,  based  in  part  on  documents  preserved  in 
the  Government  archives,  and  estimates  the  available  amount  of  ore  that 
could  be  worked  by  opencast,  at  not  less  than  4,300,000  metric  tons.  From 
the  numerous  analyses  made,  29  of  which  are  tabulated  in  fiill,  it  is-  seen  that 
these  ores,  when  properly  sorted,  yield  on  an  average  55  per  cent  of  metallic 
iron  and  manganese.  The  Eas-er-Eajel  ore  is  more  particularly  rich  in  the 
latter  metal,  the  percentage  being,  in  a  typical  sample,  iron  21'01,  and  man- 
ganese 28' 72.  Moreover  the  Tabarca  ores  are  nearly  as  free  from  phosphorus 
as  those  of  Bilbao,  with  which  they  stand  comparison  in  other  respects.  The 
diminished  output  of  the  Bilbao  mines  will  perhaps  ere  long  give  the  Tunisian 
ores  a  chance  of  competing  on  the  world's  markets. 

The  easternmost  deposits  of  the  Nefzas  territory  (Tamera,  Ganara,  Bur- 
shiba) are  barely  62  miles  from  the  great  harbour  of  Bizerta,  which  now  admits 
vessels  of  any  tonnage,  and  the  steam-colliers  which  generally  return  to  the 
British  coast  in  ballast,  would  no  doubt  load  these  ores  at  chenn  freights. 
The  author  thinks  that  in  that  event,  colliers  finding  on  the  spot  a  return 
cargo,  Bizerta  would  soon  rival  Malta  and  Algiers  as  a  coaling-station.  The 
cost  of  the  iron-ore  at  the  mine,  got  by  opencast  working,  would  not  exceed 
2s.  per  metric  ton,  and  it  is  calculated  that  the  ore  could  be  delivered  at 
Bizerta,  when  the  projected  railway  is  built,  at  the  price  of  8s.  4d.  per  metric 
ton.  L.  L.  B. 
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MANGANESE  ORES  OF  BEAZIL. 
Lfi.1  Manganeses  du   Brezil.     By  Miguel  Ribeiro   Lisboa.     Revue    UniverselU 
des  Mine-^,  1898,  vol.  xh'>\,  jjar/es  1-22,  in'th  \  plate. 

Manganese-ores  occur  in  the  provinces  of  Matto  Grosso,  Sao  Paulo  and 
Minas  Geraes.  In  the  latter  jjrovince,  workings  are  prosecuted  at  Qucluz  and 
Miguel  Burnier,  about  320  miles  from  Rio  de  Janeiro. 

The  ore  consists  of  manganite  (MnoO^H.^O),  with  some  pyrolusite  (MnO,), 
and  other  oxidized  minerals,  containing  from  50  to  54  per  cent,  of  manganese 
and  15  per  cent,  of  volatile  matter.  The  ore  is  found  in  thin  veins  in  the 
crystalline  schists  of  Queluz  and  Gaudarcla,  and  in  considerable  masses  in  the 
older  stratified  (Huronian)  rocks,  which  are  chiefly  itabirite,  a  slaty  rock  made 
up  of  specular  iron-ore  and  quartz,  overlying  limestone.  The  ore-masses,  from 
G  to  7  feet  in  thickness,  are  contained  in  the  itabirite,  and  follow  the  undula- 
tions of  the  strata.  The  dips  vary  from  30  degrees  to  vertical,  and  extend  for 
some  miles.     The  ore  is  worked  in  quarries  by  hand-tools,  without  explosives. 

M.  W.  B. 


GEOLOGY  OF  THE  KLONDIKE  GOLD-FIELDS,  CANADA. 
Die  (jeoJofji-schen  Verhdltnixse  der  GoldlagerMatten  dts  Klondil:egebietes.     By  Dr. 
Otto   Nordexskjold.     Zeitschrift  fur  Praktische  Geologie,   1899,  pages 
71-83,  imth  a  map  in  the  text. 

The  author  made  a  stay  of  several  mouths  in  the  Klondike  district  in 
1898,  with  the  view  of  reporting  on  its  capabilities  to  a  group  of  Swedish 
capitalists  who  had  sent  him  out  there.  He  gives,  in  the  first  place,  a  brief 
topographical  description  of  the  area,  and  shows  that  practically  all  the 
streams  carry  gold.  Viewed  as  a  whole,  the  district  is  a  plateau,  lying  at 
about  3,000  feet  above  sea-level,  wherein  the  rivers  have  carved  out  valleys 
from  1,000  to  2,000  feet  deep.  These  valleys,  however,  do  not  possess  the 
character  of  caiions  :  terraces  range  along  the  Yukon,  and  at  the  junction  of  the 
Eldorado  and  Bonanza  creeks  rise  200  to  300  feet  above  the  stream.  These 
terraces  are   mostly   gold-bearing. 

It  would  appear  that  neither  Mr.  Spurr's  description  of  the  rocks  in  the 
neighbouring  American  territory,  nor  Messrs.  Dawson,  McConnel  and  Eussoll's 
careful  studies  of  the  Upper  Yukon  (Fort  Selkirk  and  Porcupine  River  districts) 
can  be  extended  by  analogy  to  the  Klondike  district  j^roper :  in  these  regions 
the  rock-succession  varies  greatly  from  place  to  place. 

Round  about  Dawson  City  the  hills  are  made  Tip  of  decomjjosed  diabases, 
actinolite-rocks  and  chlorite-schists,  interbedded  almost  horizontally  with 
graphite  and  granulitic  schists.  Among  these  occur  crush-zones,  character- 
ized by  friction-breccias,  in  which  here  and  there  gold  has  been  found.  Such 
are  the  rocks  which  predominate  for  about  12  miles  along  the  Klondike  river, 
but  soil th ward  of  this,  along  the  Bonanza,  Hunker  and  Sulphur  Creeks,  ftc, 
stretches  a  vast  area  of  fairly  uniform,  more  or  less  intensely  folded  and  crushed 
mica-schist,  abundantly  felspathic.  In  this  area,  the  richest  finds  of  gold 
have  been  made,  and  the  author  designates  the  mica-schist  as  the  "Eldorado 
type."  Between  the  Klondike  and  Indian  rivers,  aud  for  some  distance  south 
of  the  latter,  the  outcrops  are  mainly  biotite-gneisses;  but  in  the  region  of 
the  Stewart  river  there  is  an  endless  alternation  of  halleflintas,  chlorite-,  biotite- 
and  hornblende-schists  with  thin  bands  of  limestone,  etc.  Between  Dominion 
and  Australia  creeks,  the  hills  are  made  up  of  a  massive,  finely  crystalline, 
light  pink  granite.  All  the  rocks  that  have  jiist  been  enumerated  are  traversed 
by  veins  of  varying  character,  some  of  which  are  connected  with  the  original 
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mountain-folding,  whereas  others  are  of  a  later  date.  In  the  central  gold- 
field  thick  veins  of  pure  white,  hungry  quartz  are  extremely  common,  but  they 
have  proved  quite  barren  of  gold  so  far.  In  the  perij^heral  portions  of  the 
Klondike  district,  on  the  other  hand,  quartz-veins  seldom  occur,  but  eruptive 
vein-rocks  such  as  porpliyrites,  syenites,  etc.,  are  miicli  more  frequent.  Por- 
phyritic  granite-veins  are  abundant  in  the  Stewart  river  district :  in  these 
the  author  failed  to  observe  any  gold  or  even  pyrites. 

It  is  said  that  coal  crops  out  in  the  Upper  Klondike  valley,  below  the 
mouth  of  Flat  creek :  the  author  believes  it  to  be  a  freshwater  formation  of 
Cretaceous  or  Eocene  age.  The  valleys  were  cut  down  to  their  present  depth 
during  late  Pliocene  or  early  Pleistocene  times.  Even  before  that,  slow 
weathering  of  the  surface-rocks  began  on  an  extensive  scale,  and  has  con- 
tinued ever  since.  From  that  jDeriod  date  the  richest  gold-jolacers.  The 
deeper  layers  of  old  gravel  are  frozen  into  a  mass  which  is  never  reached  by 
summer  thaws,  and  so  they  have  remain  d  in  place  just  as  if  they  had  been 
cemented  into  a  true  conglomerate.  The  very  existence  all  over  this  region 
of  the  deep  crust  of  weathered  rock  proves  that  it  was  at  no  time  covered  by 
an  ice-cap:  there  were,  at  most,  some  small,  quite  local  glaciers  at  the  head 
of  the  valleys. 

Only  in  the  perijiheral  portions  of  the  Klondike  district  has  gold  been 
found  as  a  primary  dejDosit,  that  is,  occurring  in  matrix-rock  which  is  in  situ. 
Near  Dawson  City,  for  instance,  gold  is  found  in  small  quantities  in  nests  of 
quartz  in  a  great  belt  of  breccias  in  the  greenstone-formation. 

The  richest  gold-bearing  creeks  in  the  area  are  the  Eldorado,  Bonanza, 
Hunker,  Dominion,  Sulphur  Bear,  All  Gold  and  Quartz  creeks,  with  their 
several  tribtitaries :  none  of  them  are  large  streams.  The  author,  in  his  de- 
scription of  the  placers,  selects  the  Eldorado  creek  as  typical.  The  old  alluvia, 
consisting  of  gravels  with  a  little  sand,  are,  as  one  might  expect,  thicker  and 
their  pebbles  more  rounded  the  lower  down  the  valleys  that  they  are  struck. 
The  materials  of  which  they  are  made  uf)  are  mostly  the  rocks  that  now  come 
to-day  in  the  immediate  neighbourhood.  The  gold  occurs  in  grains  and 
nuggets  of  all  sizes  and  shapes,  though  not  as  a  rule  very  much  rounded,  in 
a  long  strip  of  gravel  about  120  feet  broad  and  1  to  2  feet  thick,  which  follows 
closely  the  decomposed  bed-rock.  The  latter  is  itself  rich  in  gold,  and  is  often 
successfully  worked  to  a  depth  of  8  or  10  feet:  moreover,  on  either  side  of  the 
richest  portions  of  the  gravel-strip  much  gold  is  found  in  the  bed-rock  across 
the  entire  breadth  of  the  valley.  The  upper  layers  of  the  gravel  contain  little 
or  no  gold,  and  the  same  remark  applies  to  the  recent  river-deposits.  Remains 
of  mammoth  and  other  extinct  mammals  occur  in  association  with  the  precious 
metal.  The  terrace-deposits  or  bench-claims  are  most  extensively  developed 
along  the  Bonanza  creek;  most  of  them  lie  only  a  few  feet  higher  than  the 
present  valley-bottom,  and  some  of  them  are  as  rich  as  the  best  creek-claims. 

The  frequent  occurrence  of  quartz-fragments  in  association  with  the  gold- 
grains  points  (in  the  author's  opinion)  to  the  original  connexion  of  the  precious 
metal  with  the  eruption  of  acidic  magmas,  which  evidently  accompanied  the 
processes  of  mountain  folding.  The  pale  mica  which  is  also  associated  with 
the  gold  and  is  characteristic  of  the  neighbouring  rocks,  is  probably  due  to 
solfataric  phenomena  as  much  as  to  dynamo-metamorphism. 

The  author  describes  the  rather  primitive  methods  by  which  the  placers 
have  been  worked  hitherto,  and  points  out  that  the  mineral  wealth  of  the 
district  surpasses  that  of  any  known  gold-field  in  British  Columbia  or  Eastern 
Siberia.  He  estimates  that  during  the  next  4  or  5  years  it  will  yield  annually 
from  ^2,000,000  to  ^3,000,000,  and  thinks  that  further  discoveries  of  gold, 
over  and  beyond  the  area  already  known,  may  be  looked  for.  L.  L.  B. 
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THE  PROBABILITY  OF  OUTBURSTS  OF  FIRE-DAMP. 

Sur  line  Application  du  Calcid  des  ProbabiliUs  d  la  Frequence  des  Degafjements 
instantan6s  de  Grisou.  By  3.  Beatjpai.v.  With  a  preface  and  addendum 
6y  Emil  Harze.    Annal.es  de^i  Mines  de  Belgique,  1900,  vol.  i\ ,  pages  S-28. 

With  reference  to  the  investigation  undertaken  by  the  Societe  Beige  de 
Geologie,  de  Paleontologie  et  d'Hydrologic,  as  to  the  influence  of  earth-tremors 
on  the  evolution  of  fire-damp,  Mr.  Harze  inquires  as  to  the  extent  to  which 
the  alleged  relationship  between  these  phenomena  is  supported  by  official 
records  of  sudden  outbursts  of  fire-damp  or  ignitions  of  that  gas  in  Belgium. 
During  the  30  years  from  1869-98,  comprising  9,000  working  days,  there  were 
3  days  in  which  2  sudden  outbursts  of  fire-damp  occurred,  out  of  a  total  of  237 
of  such  outbursts.  During  the  same  period,  2  accidents  by  ignition  of  fire- 
damp never  occurred  on  the  same  day.  To  ascertain  whether  the  3  cases  of 
2  oiitburstfi  in  one  day  were  only  the  result  of  the  law  of  probabilities  the 
following  problems  were  submitted  to  Mr.  J.  Beaupain : — Given  an  urn  con- 
taining 9,00U  numbers,  out  of  which  single  numbers  are  successively  drawn 
and  returned  to  the  urn  after  each  drawing :  In  how  many  drawings  is  it 
probable  (1)  that  at  least  one  number  will  be  drawn  at  least  twice;  (2)  that 
at  least  two  numbers  will  be  drawn  at  least  twice ;  (3)  that  at  least  three 
numbers  will  be  drawn  at  least  twice.  The  solutions  of  these  three  problems 
are  respectively,  112,  175  and  222  drawings,  all  inferior  numbers  to  that  (2?7) 
of  the  cases  of  sudden  outbursts  of  fire-damp.  From  which  it  is  concluded 
that  the  rare  cases  of  two  sudden  outbursts  on  the  same  day  cannot  support 
the  idea  of  a  common  seismic  origin.  In  an  addendum,  Mr.  Harze  gives  the 
results  of  an  inquiry  as  to  abnormal  disengagements  of  fire-damp  on  the 
occasion  of  an  earth-tremour  on  July  19th,  1899.  Inquiries  were  made  at  9 
fiery  collieries  extending  through  the  whole  Belgian  coal-field  from  west  to 
east,  these  collieries  comprising  at  least  43  important  mines.  The  result  was 
entirely  negative,  no  unusual  evolution  of  fire-damp  having  been  observed. 

W.  N.  A. 


THE  CAUSE  OF  IRREGULARITIES  IN   THE  DETERMINATION   OF 
FIRE-DAMP  BY  MEANS  OF  ITS  IGNITING  LIMIT.* 

Note  S2ir  imt  Cause  Apparente  d'Erreur  dans  le  Dosage  du  Grisou  par  les  Limites 
d' Inflammability.  By  —  Lebreton.  Annates  des  Mines,  1899,  vol.  xvi., 
pages  95-104,  tvith  1  diagram  in  the  text. 

This  process  for  determining  the  percentage  of  firr'-dAnip  consists  in 
determining  the  limits  within  which  a  non-combustible  gas  will  explode  when 
mixed  successively  with  pure  air  and  with  the  air  containing  fire-damp,  to 
be  tested.  The  difference  between  these  two  figures  measures,  by  means  of 
a  constant,  the  proportion  of  marsh-gas  in  the  air  containing  fire-damp. 

It  has  often  been  found  that  inexplicable  differences  are  at  times  obtained 
in  making  these  tests.  The  author  has  discovered  that  these  variations  in 
the  limits  of  inflammability  depend  entirely  upon  the  inclination  of  the 
eudiometer  in  which  the  experiment  is  performed.  He  has  found  that,  for  a 
given  angle,  the  limit  of  inflammability  of  each  gas  tried  (coal-gas,  fire-damp 
from  a  blower,  and  hydrogen)  is  absolutely  fixed;  that  when  the  eudiometer- 
tube  is  inclined  to  the  vertical,  the  limit  of  inflammability  decreases  rather 

*  Trari^.  In^t.  M.  E..  vol.  ix.,  page  373.  - 

VOL.  XLIX.-1900J901.  " 
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slowly,  until  the  tube  makes  an  angle  of  about  43  degrees  to  the  vertical,  then 
more  rapidly  down  to  an  angle  of  S3  degrees  45  minutes,  beyond  which  it  was 
impossible  to  go. 


Coal 

-gas. 

Hydrogen. 

Fire-damp. 

Inclination  of  the 

Eudiometer  to  the 
Vertical. 

Limit   of 
InUamma- 
bility  per 
thousand. 

Decrease 

of  the 
Limit  per 
tbouiiand. 

Limit   of 
Inflamma- 
bility per 
thousand. 

Decrease 

of  the 
Limit  per 
thousand. 

Limit   of 

Inflamma- 
bility per 
thousand. 

Decrease 

of  the 
Limit  per 
thousand. 

Deg.  Min. 

0     00 

82 



95 



64 



26     30 
42     51 

81 
79 

1 
3 

94| 
93 

2 

— 

— 

51        2 

77 

5 

91 

4 

— 

— 

59      13 

75 

7 

88 

7 

63 

1 

67     23 

72 

10 

83 

12 

— . 

— 

75     34 

67 

15 

78 

17 

62 

2 

83     45 

65 

17 

70 

25 

6U 

n 

The  preceding  table  shows  the  results  obtained  with  an  eudiometer  contain- 
ing 80  cubic  centimetres.  H.  L. 


FIRE-DAMP  lisr  METALLIFEROUS  AND  OTHER  MINES,  BELGIUM. 
De  la  Pre-'itnce  des  Gaz  Hydrocarhone'i  dan-s  !es  Exploitations  Souterraines  de.s 

Miniere-i  et  Garritres.      By  J.  Libert.     Annales  des  Mints  de  Belgique, 

1899,  ro/.  ir.,  pages  48-54. 

It  is  not  only  in  coal-mines  that  disengagements  of  fire-damp  occur;  but 
this  gas  is  also  met  with,  under  exceptional  circiimstances  and  to  a  smaller  ex- 
tent, in  the  underground  workings  of  metalliferous  and  clay-mines.  The  author 
has  found  records  of  the  five  following  accidents  due  to  the  ignition  of  car- 
buretted  hydrogen  in  administrative  documents  relating  to  mine-workings  in 
the  province  of  Namur,  in  Belgium,  where  there  are  many  iron-ore  mines 
and  clay-pits. 

(1)  The  earliest  case  known  (October  24th,  1860)  occurred  in  the  sinking- 
shaft,  which  had  attained  the  depth  of  24  feet  (7"4  metres)  of  an  iron-ore  mine 
at  Florennes.  A  workman,  being  let  down  the  shaft,  stopped  at  the  depth  of 
about  5  feet  (1-5  metres)  to  light  his  lamp;  but  a  violent  explosion  ensued,  the 
flame  of  which,  burning  the  man  on  the  face,  hands  and  right  arm,  rose  5  feet 
above  the  shaft-mouth.  The  gas  is  supposed  to  have  been  given  off  by  some 
decomposing  vegetable  substance  in  an  old  working  struck  by  the  shaft. 

(2)  In  an  iron-ore  mine  at  Saint- Aubin,  a  miner  declared  that,  while  taking 
a  lighted  lamp  into  a  working  20  feet  (6  metres)  long,  driven  from  the  bottom 
of  the  winding-shaft,  59  feet  (18  metres)  deep,  and  on  reaching  the  face  he 
was  thrown  down  by  a  fire-damp  explosion. 

(3)  A  similar  but  more  serious  accident  occurred  in  a  clay-pit  at  Coutisse. 
The  winding-shaft  was  stopped  at  tlie  depth  of  125  feet  (38  metres),  and  a 
heading  had  reached  the  length  of  10  feet  (3  metres)  from  the  shaft,  when  a 
man,  who  had  already  bored  two  advance-holes,  30  feet  (9  metres)  deep,  which 
encountered  the  timbering  of  an  old  working  abandoned  8  years  previously, 
was  putting  in  a  third  hole,  that  had  attained  a  depth  of  about  7  feet  (a  little 
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more  than  2  metres),  when  the  drill  was  expelled  with  violence,  being  followed 
by  a  disengagement  of  gas.  Before  the  men  could  extinguish  a  naked  light 
hung  from  the  roof,  the  gas  ignited,  causing  a  violent  explosion  that  seriously 
injured  one  of  them. 

(4)  In  a  clay-pit  at  Wierde  two  shafts  had  been  sunk,  one  to  a  depth  of 
89  feet  (27  metres),  in  which  a  headiug  had  been  driven,  ventilated  by  air- 
pipes  surmounted  by  a  funnel,  and  the  other  to  69  feet  (21  metres),  in  which 
there  was  also  a  heading,  but  unventilated,  as  well  as  indications  of  old  work- 
ings. In  the  last-named  shaft,  on  a  man  jjutting  fire  to  the  gas,  an  explosion 
and  the  subsequent  air-blast  threw  him  down  twice,  the  expansion  of  the  gas 
being  so  great  that  the  axle  of  the  winch  on  the  surface  was  thrown  a 
distance  of  7  feet  (2  metres). 

(5)  The  last  accident  of  this  nature  officially  recorded  occurred  on  Decem- 
ber 23rd,  1897,  in  a  clay-pit  at  Braibant,  where  a  workman  was  burned  on  the 
face  and  hands  in  a  sinking-shaft  23  feet  (7  metres)  deep.  At  a  place  in  the 
side  of  the  shaft  water  with  a  bad  smell  leaked  out,  and  subsequently  the  end 
of  an  old  working  was  laid  bare,  exposing  straw  and  timber.  Nevertheless, 
a  workman  lighted  his  lamp  and  hung  it  up  about  3  feet  above  the  shaft- 
bottom;  and  the  ignition  of  gas  occurred  soon  afterwards. 

It  appears  evident  that  the  carburetted  hydrogen  disengaged  in  these 
outbursts  was  not  of  natural  origin,  but  was  probably  due  to  ihe  decomposition 
of  timber  and  other  organic  matter  in  abandoned  workings.  The  com- 
position of  these  gases  may  be  very  complex,  comprising  in  some  cases 
sulphuretted  hydrogen;  and,  owing  to  the  impermeability  of  the  clay-masses, 
the  gas  may  acquire  a  certain  degree  of  pressure,  as  was  noted  in  one  of  the 
above-named  cases. 

Inflammable  gas  is  not  likely  to  be  met  with  where  there  has  been  no 
previous  working,  notwithstanding  the  presence  of  lignite,  which  sometimes 
traverses  the  clay  in  the  form  of  thin  scams;  nor  can  the  fire-damp  in  clay- 
jjits  be  attributed  to  the  Coal-measures,  seeing  that  the  coal-seams  in  the 
Andenne  basin,  where  most  of  the  ignitions  occurred,  do  not  evolve  any  gas. 

J.  W.  P. 


FIEE-DAMP   ACCIDENTS   IN   FEENCH   COLLIEEIES. 

Analyse  des  Rappm-tn  Officiels  .sar  Its  Accidents  de  Grisou  survenus  en  France 
pendant  les  Annees  1891  a  1897.  By  —  Glasser.  .  Annales  des  Mines, 
1899,  series  9,  ool.  xvi.,  payes  137-189. 

The  elaborate  tables,  drawn  up  by  the  author,  of  all  fire-damp  accidents 
having  caused  personal  injury  or  loss  of  life  in  French  mines  during  the  years 
1891  to  1897,  both  inclusive,  may  be  summed  up  in  the  annexed  table. 

Sufficient  details  regarding  the  circumstances  which  attended  each  acci- 
dent, the  state  of  the  ventilation,  etc.,  will  be  found  in  the  remarks  which 
accompany  the  tables.  Moreover,  the  author  draws  attention  to  a  number  of 
accidents  which  he  has  not  tabulated :  for  instance,  during  the  years  under 
review,  5  explosions  were  traced  to  ignition  of  dust,  and  claimed  18  victims, 
of  whom  8  were  killed  and  10  badly  injured.  Six  explosions  (not  tabulated 
above)  were  due  to  inflammation  of  the  gases  yielded  by  the  slow  distillation 
of  coal:  among  these  was  the  terrible  disaster  of  Blanzy,  in  February,  1895, 
when  28  men  were  killed  and  8  others  injured.  Suffocation  by  gases  other 
than  fire-damp  swells  the  roll  of  the  dead  by  no  less  than  34:   of  these  24 
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were  asphyxiated  at  Eochebelle,  iu  Juue,  1896,  by  a  sudden  outburst  of  carbon 
dioxide  into  the  Foutaues  pit. 


Causes  of  the  Accidents 


InflamiKation 

of 
fire-damp  pro- 
duced by 


Suffocation 


/  explosion  or  ignition  ^ 
of  a  blasting-shot...  J 

naked  lights 

safety-lamps  opened,  ) 
)    damaged  or  broken  j 


'erse    causes,  in"! 
articular,  matches/ 


diverse 


Number 

of 
Accidents. 


undetermined  causes 
(dubious  evidence 
tendered  at  enquiry) 


Mechanical  effects  produced  by  a  siid-  | 
den  outburst  of  fire-damp  ...  / 


Totals 


4 
26 
10 


52 


Number 

Number 

Total 

of 

of 

Number  of 

Deaths. 

Injured. 

Victims. 

1 

6 

7 

9 

30 

39 

1 

■1 

13 

17 

62 

13 

1 
75        1 

1 

3 

4 

5 

0 

5 

2 

2 

4 

81 

67 

151 

Gloomy  as  they  may  be  from  one  point  of  view,  the  author's  statistics  arc 
encouraging  from  another  point  of  view :  tliey  show  the  enhanced  safety  if 
human  life  in  the  French  mines  during  1891-1897,  as  compared  with  preceding 
years.  The  average  number  of  deaths  due  to  fire-damp  figures  out  at  0-43  per 
million  tons  of  output,  and  at  O'SS  per  10,000  workmen  'per  annum.  This 
result  is  attributed  in  an  official  report,  made  to  the  French  Ministry  of 
Public  Works,  "  to  the  increased  precautions  taken  in  fiery  mines,  to  the 
growing  progress  in  ventilation,  to  the  use  of  safety-explosives,  and  to  the 
ever  more  careful  watching  for  fire-damp."  L.  L.  B. 


EXPLOSION  AT  THE  CAROLINENGLUCK  COLLIEEY,  BOCHUM,    . 
WESTPHALIA.* 

Die  Explosion  aiifder  Steivl-ohfengruhe  Ver.  Carolinenglilck  bei  Bochuni  ain  17. 
Februar,  1898.  Official  Report.  Zeitschrift  fur  das  Berg-,  Hutten-  und 
Salinen-wesen  im  Preussischtn  Slaafe,  1899,  vol.  xlvii.,  pages  45-68,  and 
2  plate'^. 

On  February  17th,  1898,  at  6.45  a.m.,  shortly  after  the  day-shift  had  gone 
down  the  pit,  an  explosion  took  place  at  level  No.  5  (1,110  feet)  in  the  Caro- 
linengliick  colliery.  It  started  with  the  ignition  of  a  local  accumulation  of 
fire-damp,  but  its  effects  were  so  intensified  by  the  presence  of  coal-dust  that  it 
resulted  in  one  of  the  greatest  disasters  that  have  ever  befallen  the  Lower 
Rhenish  and  Westphalian  coal-field.  No  less  than  116  lives  were  lost,  and  iu 
addition  3  persons  were  badly  injured. 


Truns.  7».^^  M.E.,  vol.  xvi.   pa-e  579. 
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The  Carolinengliick  colliery  works  almost  exclusively  the  seams  of  the 
bituminous  coal-group :  tlie  coal  yields  about  4  per  cent,  of  ash,  and  reckoned 
apart  from  the  ash,  25  per  cent,  of  volatile  matter.  It  is  of  a  tolerably  firm 
texture,  and  is  mostly  won  by  shot-firing  with  dahmenite  A.  The  Coal- 
measures  here  are  overlain  by  about  230  feet  of  Chalk  Marl;  owing  to  an  over- 
thrust-fault,  which  has  a  downthrow  of  260  feet,  the  field  is  divided  into  a 
northern  and  a  southern  district.  The  seams  strike  east  and  west,  and  have 
dips  varying  from  25  to  60  degrees.  The  colliery  is  worked  by  three  shafts: 
one  in  the  southern  district  going  down  to  No.  4  level  (785  feet)  has  been  used 
since  1891  exclusively  as  an  upcast  shaft.  The  second,  ^  mile  farther  north, 
going  down  to  No.  5  level  (1,110  feet)  is  used  as  a  joint  winding  and  downcast 
shaft  for  the  northern  and  southern  districts.  The  third,  160  feet  distant  from 
the  second,  goes  do^vn  to  No.  4  level,  and  is  used  as  an  upcast  f<^r  the  northern 
district. 

In  the  northern  district,  the  only  one  which  need  be  considered  in  con- 
nexion with  the  explosion,  the  daily  output  sent  to  bank  by  about  470  work- 
people was  640  tons.  The  amount  of  fire-damp  generally  given  off  in  the 
Carolinengliick  colliery  is  small  in  comparison  with  that  of  other  collieries  in 
the  neighbourhood :  it  is  reckoned  that  about  175  cubic  feet  of  gas  are  given 
off  for  every  ton  of  coal  drawn.  As  sho^ving,  moreover,  how  very  moderate 
is  the  gassiness  of  these  seams,  it  may  be  noted  that,  for  several  days  after  the 
explosion,  despite  complet-e  chaos  in  the  ventilation-arrangements,  hardly 
any  fire-damp  could  be  traced  in  the  pit.  Blowers  had  certainly  never  been 
met  with ;  yet,  during  the  10  years  1887  to  1896,  no  less  than  8  ignitions  of 
fije-damp  had  taken  place,  with  a  total  loss  of  2  lives  and  injury  to  10  other 
persons.     Temperatures  in  the  pit  were  always  comparatively  low. 

\Yith  regard  to  coal-dust,  however,  the  author  has  quite  another  tale  to 
tell.  The  seams,  especially  in  the  northern  district,  are  dusty  in  the  extreme; 
but,  as  the  active  association  of  dust  with  previous  exjjlosions  had  in  no  case 
being  emphasized,  it  had  not  occurred  to  the  management  to  adopt  any  system 
of  spraying  or  watering  the  workings.  It  so  happens  that  the  workings  ui 
the  eastern  part  of  the  northern  district  are  excessively  dry,  while  those  in 
the  western  part  are  wet,  but  the  water  there  comes  from  the  stone,  not  from 
the  coal. 

The  lamps  in  use  were  safety-lamps  with  a  single  gauze,  internal  igniters, 
and  special  locks.  The  oil  biirnt  in  them  was  rape,  with  a  large  admixture  of 
petroleum,  the  result  being  that  th(!  lamps  clogged  very  quickly,  the  igniters 
did  not  act  properly,  and  so  the  workmen  w^re  often  tempted  t-o  tamper  with 
them :  this  was  the  more  easy  to  do  as  the  locks  could  be  removed,  and  put 
back  again  almost  unnoticed.  After  the  disaster  several  of  the  workmen's 
lamps  were  found  open,  yet  these  hr.d  been  delivered  over  to  the  men  sealed 
and  in  good  order,  that  very  momii;g. 

Shot-firing  in  the  coal  was  always-;  carried  out  with  dahmenite  A,  dynamite 
being  used  only  for  blasting  stone.  Ordinary  fuzes  were  employed,  with  ful- 
minating caps,  and  were  ignited  by  tinder,  steel  and  flint.  Shot-firers  were 
specially  told  off  to  stem  and  fire  the  shots. 

When  the  catastrophe  took  place  most  of  the  pitmen  had  barely  reached 
the  working-face,  others  were  on  the  way  thither,  while  the  remainder  were 
sitting  down  in  groups  and  chatting.  The  atmospheric  concussion  extended 
far  into  the  southern  district,  that  is,  beyond  the  windiug-sh:'.ft.  Through- 
out the  area  immediately  affected  by  the  explosion  coke  was  found  to  have 
been  formed,  in  all  stages,  from  microscopically  small  beads,  with  which  the 
floor  was  strewn,  to  great  thick  crusts;  and  indeed  the  actual  course  followed 
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by  the  enormous  tongues  of  flame  was  indelibly  mapped  out  by  this  coke- 
incrustation.  Deposition  of  dust  and  soot  took  place  over  a  far  wider  area 
than  that  covered  by  the  coke.  Throughout  the  whole  of  No.  4  and  No.  5 
levels  in  the  northern  district,  and  even  300  feet  south  of  the  winding-shaft, 
dust  lay  thick  like  velvet-pile  on  every  plank  and  pipe  and  plane  rock-surface. 
Some  of  the  rescuers  ran  the  risk  of  being  choked  by  the  dust  stirred  up  as 
they  groped  along.  It  was  proved  by  chemical  analysis  that  this  was  not 
undiluted  coal-dust,  but  that  stone-dust  was  mixed  with  it:  in  colour  it 
varied  from  dark  brown  to  black,  and  yielded  in  some  cases  32  per  cent,  of  ash. 
Timbering  was  in  many  places  shattered,  splintered  n,nu  scorched,  brattice- 
cloths  had  been  ripped  down,  rails  torn  up  and  twisted,  and  whole  trains  jf 
tubs  had  been  hurled  along  and  tumbled  into  chaotic  heaps. 

All  the  probabilities  point  to  the  disaster  having  arisen  as  follows: — A 
hewer,  provided  with  a  safety-lamp,  was  working  a  ventilator  by  hand,  when 
the  flame  from  his  lamp  in  some  unexplained  way  blew  through  the  gauze 
and  ignited  the  fire-damp  that  was  being  ejected  by  the  ventilator  at  a  high 
speed.  There  is  conclusive  evidence  that  the  chief  agent  in  the  further  spread 
of  the  explosion  was  coal-dust  and  not  fire-damp. 

The  doctors  examined  very  carefully  the  bodies  of  109  out  of  the  116 
victims.  In  58  cases  they  found  no  bones  broken,  but  the  exposed  portions  of 
the  body  (face,  throat  and  hands)  were  scorched  and  blackened  with  coal-dust 
burnt  into  the  skin.  These  deaths  were  evidently  due  to  suftocation  from 
want  of  oxygen.  Tlie  explosion  had  so  completely  and  rapidly  exhausted  the 
pit-air  of  oxygen  that  none  of  the  victims  were  deeply  scorched:  the  burns 
appear  to  have  affected  the  epidermis  only  and  not  the  epithelium,  and  clothes 
and  hair  were  only  slightly  singed.  In  14  cases  there  was  injury  to,  lor 
fracture  of,  bones,  besides  the  burning  of  coal-dust  into  the  skin :  the  victims 
were  evidently  hurled  against  timber  or  rock  and  knocked  senseless.  The 
remaining  37  cases  were  deaths  diie  to  poisoning  by  carbon  monoxide  or  aftei 
damp. 

As  a  consequence  of  this  disaster,  the  Prussian  Government  have  for- 
mulated revised  regiilations  for  the  Dortmund  coal-field,  and  in  regard  to  the 
Carolinengliick  colliery,  orders  were  immediately  issued  to  suspend  opera- 
tions in  the  eastern  portion  of  the  northern  district  until  such  time  as  an 
organized  system  of  water-spraying  had  been  put  in  force.  Meanwhile,  even  in 
the  western  portion,  work  was  allowed  solely  on  condition  that  the  coal-dust 
should  by  some  means  or  other  be  kept  damp  until  a  proper  spraying-system 
was  at  work,  and  the  latter  must  be  ready  in  three  months'  time. 

L.  L.  B. 


DTTDEEGROTIND  PUMPING-ENGINES. 

(1)  Nevere  unterirdiHche  Wasserhaltungsmaschimnfilr  JBergirerke.  By'E.  Gerdau. 
Zeitschri/t  des  Vereines  Deutscher  Ingenieure,  1899,  vol.  xxxiii.,  pages  29- 
36  and  57-65. 

(1)  The  compound  engine  at  the  Hansa  pit,  Diisseldorf,  is  remarkable  for 
the  great  height  of  the  lift,  and  for  the  manner  in  which  a  water-feeder  in 
the  shaft  is  utilized.  The  engine  is  placed  at  a  depth  of  2,179  feet,  and  has 
the  following  dimensions: — High-pressure  cylinder,  27*56  inches;  low-pressure 
cylinder,  43-31  inches;  air-pumps,  9-84  inches;  ram-plungers,  4-13  inches; 
and  stroke,  39'37  inches. 
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At  60  revolutions,  440  gallons  of  water  are  raised  per  minute  to  a  height 
of  2,179  feet.  The  steam-cylinders  are  coupled  at  right  angles,  and  each  is 
fitted  with  its  own  air-pumjj  and  two  single-acting  ram-pumps.  The  water  is 
raised  from  the  sump  138  feet  below  the  engine,  or  2,317  feet  from  the  surface 
(by  a  lifting  set  of  pumps  worked  by  a  small  two-cylindered  water-pressure 
engine,  driven  by  a  water-feeder  with  a  head  of  1,092  feet)  and  delivered 
into  a  well  in  the  engine-room,  whence  it  is  drawn  by  the  suction-pipes  of 
the  air-pumps  through  the  condensers,  and  passed  into  the  suction-pipes  of 
the  main  pumps  under  a  pressure  of  about  7  feet,  and  is  forced  to  the  surface 
in  a  single  lift  through  a  rising  main  7*72  inches  in  diameter.  The  suction  of 
the  main  pumps  is  arranged  so  that  any  excess  of  water  from  the  motor-column 
not  required  by  the  water-pressure  engine  can  be  passed  in  at  full  pressure. 
Steam  is  brought  from  the  surface  by  an  insulated  pipe,  689  inches  in 
diameter,  at  a  pressure  of  about  75  pounds,  both  at  the  boilers  and  at  the 
engine.     The  engine-room  is  120  feet  long  and  27  feet  broad. 

(2)  At  the  Piesberg  colliery,  near  Osnabriick,  the  compound  condensing 
engine  is  placed  in  an  engine-room  128  feet  long  and  13  feet  broad.  It  lifts 
2,640  gallons  to  a  height  of  590  feet  when  working  at  60  revolutions  per  minute. 
The  pumps  are  10*83  inches  in  diameter  by  35'43  inches  stroke.  Ihe  con- 
sumption of  steam,  at  a  pressure  of  6'8  atmospheres,  was  17-50  pounds  per 
indicated  horsepower,  and  the  engines  developed  304  horsepower  against  264 
effective  horsepower  in  the  water  delivered. 

(3)  At  the  Rheinpreussen  colliery,  near  Homburg,  there  are  two  hydraulic 
short-stroke  rotary  engines.  The  hydraulic  power  is  produced  by  a  compound 
engine  with  cylinders  29'92  and  47*24  inches  in  diameter  by  39'37  inches  stroke, 
and  four  pressure-pumps  3-46  inches  in  diameter,  running  up  to  55  revolutions 
per  minute.  The  underground  engine  has  three  power-pistons,  4'13  inches  in 
diameter,  and  three  plunger-pumps  5'94  inches  in  diameter  by  31'50  inches 
stroke,  and  at  60  revolutions  has  a  pistpn-speed  of  315  feet  per  minute.  With 
369^  indicated  horsepower  550  gallons  of  water  are  lifted  per  minute  against 
a  head  of  1,519  feet,  or  252  effective  horsepower,  showing  a  duty  of  68^  per 
cent.  The  pressure-pipe  is  4'13  inches  in  diameter,  the  return-pipe  is  4'53 
inches  in  diameter,  and  the  rising  main  is  984  inches  in  diameter.  These 
hydraulic  engines  have  been  run  for  several  days  under  water. 

(4)  An  electric  pumjnng-plant  at  the  Zollverein  colliery  comprises  a 
compound  marine  engine  of  450  to  500  horsepower,  driving  a  dynamo  at  150 
revolutions  per  minute,  and  producing  300  kilowatts  at  1,000  volts.  The 
continuous-current  exciter,  on  the  same  shaft,  develops  100  amperes  at  110 
volts;  and  a  small  exciter,  driven  by  an  independent  steam-engine,  is  used 
at  starting  until  the  motor-engines  have  acquired  their  proper  speed,  and 
the  main  exciter  takes  over  the  entire  work.  The  current  is  conveyed  down 
the  pit  by  two  cables,  each  having  three  insulated  copper  conductors  with  a 
section  of  0'279  square  inches.  The  underground  pumping-engine  has  two 
differential  plunger-pumps,  with  rams  5'00  and  7'09  inches  in  diameter  by 
39'37  inches  stroke,  and  the  motor  runs  at  62  revolutions  per  minute.  The 
surface  engine,  at  142  revolutions  per  minute,  develops  426  horsepower, 
whilst  the  pumps  at  60^  revolutions  lift  671  gallons  to  a  height  of  1,348  feet, 
equivalent  to  278  effective  horsepower,  or  a  duty  of  65|^  per  cent.  The  con- 
sumption of  steam  is  15*5  pounds  per  indicated  horsepower  and  23*4  pounds  per 
effective  horsejpower. 

The  following  table  shows  the  consumption  of  steam  by  various  systems 
of  pumping :  — 
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Consumption  of  Steam  per  effective  Horsepower 
per  Hour. 


Engines  pumping  by  means  of  rods  from  surface  .., 

Underground  steam-engines 

,.  hydraulic  engines 

„  electrically-driven  engines... 


Working 
continu- 
ously. 

Working 
12  hours 
per  day. 

Pounds. 

Working 
6  hours 
per  day. 

Pounds. 

Pounds. 

11  to  12 

11  to  12 

11  to  12 

101 

12^ 

16  J 

10 

10 

10 

10-65 

10-65 

10-65 

M.  W.  B. 


(2)  Xote  Kiir  la  Machine  cV Epuisement  Sy-ste77ie  Kaselowsky.  By  Charles 
Francois.  Revue  Univemelle  des  Mines,  1899,  vol.  xlvii,  parje!<  152-164, 
with  plates. 

In  the  first  applications  of  underground  pumping-engines,  the  motive  power 
of  which  is  water  under  pressure,  the  only  object  wa^  the  utilization  of  a 
natural  or  artificial  head  of  water;  but  when  it  was  found  that  the  transmis- 
sion of  power  by  water  under  pressure  had  many  advantages,  the  number  of 
applications  increased.  In  a  comparison  between  steam-  and  water-pressure 
pumping-engines,  it  may  be  concluded  that  their  useful  effect  is  practically 
tqual,  from  70  to  77  per  cent,  having  been  obtained  in  trials  with  steam- 
pumps  at  the  collieries  of  La  Louviere  and  La  Paix,  and  with  water-pressure 
pumps,  69  per  cent,  at  the  Pluto  colliery  and  74^  per  cent,  at  the  Gottessegen. 

With  respect  to  depth,  as  pits  are  deepened  the  temperature  of  the  mine- 
water  increases;  and  consequently  when  steam  is  used  the  condensation  is 
more  difficult  and  costly,  a  cause  of  lowering  the  yield  of  steam-pumps.  Again, 
there  is  a  limit  to  the  power  of  an  underground  steam-engine,  so  that  two 
or  more  must  sometimes  be  employed  instead  of  one,  almost  doubling  the  first 
cost;  but  with  water  under  great  pressure  a  single  motor  well  proportioned 
can  always  be  made  to  suffice. 

The  present  tendency  is  to  restrict  more  and  more  the  dimensions  of 
underground  engine-rooms,  especially  in  the  case  of  loose  or  broken  strata; 
and  the  water-pressure  engine,  by  the  simple  arrangement  of  its  parts,  its 
compactness  and  the  suppression  of  a  fly-wheel,  perfectly  fulfils  this  condition. 

With  respect  to  the  subdivision  of  power,  small  underground  motors  are 
sometimes  necessary  for  mechanical  haulage,  exploring  shafts,  etc.,  while 
the  use  of  rock-drills  and  mechanically-driven  wedges  for  pushing  forward 
stone-drifts,  daily  increases.  Compressed-air  requires  an  expensive  instal- 
lation, while  giving  out  only  a  slight  useful  effect,  and  steam  cannot  be 
employed;  but  with  water-pressure,  all  that  is  required  is  to  lay  down  a  branch 
pipe,  that  takes  up  little  room  owing  to  its  slight  diameter. 

As  regards  certainty,  the  water-pressure  pumping-enginc  will  continue  to 
work  even  if  completely  drowned ;  and  it  may  be  started  from  the  surface. 

In  fine,  the  water-pressure  pump  may  be  regarded  as  having  solved  in  a 
practical  manner  the  problem  of  pumping  from  great  depths.  It  affords  a 
sufficiently  high  useful  effect,  does  not  require  a  large  engine-room,  does  not 
heat  the  ventilating  air-current  (a  point  of  importance  in  deep  mines),  does 
not    encumber   the    shaft   more    than    a    steam-pump,    and    can    work    when 


TRANSACTIONS   AND   PERIODICALS.  17 

drowned.  Although  the  plant  is  costly,  this  disadvantage  is  largely  compen- 
sated by  the  great  advantages  of  the  system,  especially  in  the  case  of  deep 
and  fiery  mines.  J.  W.  P. 

UNWATEEING  THE  COMSTOCK  LODE,   NEVADA. 
By  L.  P.  Gratacap.     Scientific  American  Supplement,  1899,  vol.  xlviii.,  No.  1,244, 
page  19,937. 

An  operation  of  immense  interest  to  mining  engineers  has  been  in  progress 
for  the  last  5  months  in  the  district  embracing  the  famous  Comstock  mines. 
The  author  refers  to  the  remarkable  circumstances  connected  with  the  dis- 
covery and  development  of  this  wonderful  lode,  the  great  difficulties  of 
ventilation,  owing  to  the  great  depth  and  temperature,  and  the  practical  loss 
of  the  mines  eventually  owing  to  the  inflow  of  water.  It  was  lately  determined 
to  make  another  attempt  to  unwater  and  again  render  practical  the  extended 
working  of  this  invaluable  lode.  A  plan  has  been  accepted  by  which  the  water- 
level  will  be  reduced  500  feet.  The  plant  required  was  a  stand-pipe  extending 
from  the  surface  to  the  required  depth,  terminating  in  an  hydraulic  elevator 
discharging  into  an  elevator-pipe  having  its  outlet  into  the  Sutro  tunnel.  The 
force  elevating  the  water  is  due  to  the  pressure  and  velocity  of  the  jet  carrying 
a  continuous  flow  to  the  point  where  it  is  discharged.  The  system  is  well- 
known  to  hydraulic  engineers,  but  never  before  has  it  been  employed  in  a  task 
of  such  magnitude. 

The  elevation  of  the  Consolidated  shaft  at  the  surface  is  6,105  feet  above 
sea-level,  and  its  extreme  depth  is  2,900  feet.  The  water  supplying  the 
hydraulic  elevator  is  ample  in  quantity  and  close  at  hand.  The  capacity  of 
the  ditch  is  from  150  to  300  miners'  inches  (of  1\  cubic  feet  each)  per  minute. 
The  apparatus  comprises  a  12  inches  steel  pipe  for  the  flow  and  a  15  inches 
steel  pipe  for  the  discharge.  At  a  depth  of  1,740  feet  from  the  surface,  or  100 
feet  below  water-level,  the  first  station  was  reached  and  the  first  pumping 
was  done.  The  pressure  at  the  jet  was  1,136  pounds  per  square  inch  and  the 
flow  of  water  from  the  surface  was  1,100  gallons  per  minute.  At  the  first 
attempt,  on  February  20th,  1899,  8,000  gallons  per  minute  were  discharged 
into  the  Sutro  tunnel,  140  feet  above  the  jet.  An  investigation  of  all  the 
shafts  in  the  territory  adjacent  showed  a  reduction  of  the  water-level,  and 
flow  from  the  most  distant  levels  was  clearly  demonstrated.  With  the 
removal  of  water  in  the  shaft,  a  new  connexion,  generally  in  50  feet  lengths, 
was  added  to  both  pipes.  On  April  5,  1899,  the  nozzle  of  the  supply-pipe  was 
enlarged,  and  measurements  showed  a  discharge  of  150  miners'  inches, 
elevating  7,000  gallons  per  minute,  the  supply-pipe  at  the  surface  taking  in 
2,000  gallons  per  minute.  The  cost  of  the  water  from  the  ditch  has  proved  to 
be  less  than  17s.  or  4  dollars  per  day. 

As  the  water  had  gradually  lowered,  access  to  the  submerged  mines  was 
made  practicable,  and  preparations  for  thoroughly  prospecting  the  ground 
and  for  taking  out  the  bodies  of  ore  that  were  known  to  have  existed  when  the 
lower  workings" were  abandoned  12  years  ago,  had  already  commenced.  It  is 
not  intended  to  operate  the  i>resent  system  below  the  2,100  feet  level.  At 
that  depth,  if  the  lower  parts  of  the  mines  are  opened,  a  jaermanent  pumping- 
plant,  driven  by  electricity,  will  be  installed,  and  it  is  expected  that  the 
problem  of  ventilation  will  be  solved  by  the  same  power.  X.  T.  Z. 
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GEONDAL-DELLWIK    METHOD    OF    MAGNETIC    CONCENTEATION 
OF  lEON-OEES. 

Magnet ische  AnreichenDig  von  Eisenerzen  nach  der  Mefhode  Grondal-DeUiril: 
By  Edward  Primosigh.  OeMerreichUche  Zeitschrift  fiir  Berg-  und 
HiUtenwesen.  1899,  vol.  xlrii.,  page-s  51-53. 

The  concentration  oi  iron-ores  and  copper-ores  has  been  a  matter  of  careful 
study  for  many  years  at  Pitkaranta  in  Finland.  As  the  concentration  of  the 
former  ore  is  of  more  general  interest,  its  results  only  will  be  considered  here, 
those  upon  copper-ores  being  passed  over. 

At  Pitkaranta,  magnetite  is  worked  in  large  quantities.  It  is,  however, 
so  poor,  and  rendered  so  impure  by  the  presence  of  sulphides,  such  as  copper- 
pyrites  and  zinc-blende,  that  it  is  unfit  for  use  unless  these  minerals  can  be 
separated.  The  iron-ore  and  the  sulphides  are  moreover  so  finely  disseminated 
that  effective  concentration  is  only  possible  when  combined  with  very  fine 
crushing.  The  percentage  of  iron  in  these  ores  is  rarely  above  25  per  cent., 
but  often  falls  below  20  per  cent.,  whilst  the  ores  are  also  exceptionally  dense, 
EC  that  two  difficulties  have  in  the  first  instance  to  be  overcome: — (1)  To 
crush  the  ore  cheaply,  and  (2)  to  concentrate  the  powder  successfully. 

After  several  years  of  research,  complete  success  has  attended  the  experi- 
ments for  this  purpose,  and  a  new  concentration-works  has  already  been  built, 
which  has  been  in  operation  for  10  months,  treating  daily  350  tons  of  ore. 
Experiments  with  rolls  and  ball-mills  were  unsuccessful,  and  finally  a  wet- 
crushing  ball-mill  was  constructed.  This  consists  of  a  cast-iron  drum  lined 
with  chilled-iron  plates,  and  provided  with  two  large  apertures  on  either 
side,  through  which  the  ore  can  be  introduced  and  discharged.  This  con- 
Ftriiction  presented  the  following  advantages  compared  with  the  Gruson  ball- 
mill: — Greater  production  with  the  same  consumption  of  power,  less  cost  of 
repairs  and  of  working  (about  half),  and  ability  to  crush  the  ore  in  a  current 
of  water,  by  which  means  the  production  of  dust  is  entirely  prevented.  Of 
the  8  mills  now  working  at  Pitkaranta.,  4  are  68"89  inches  (If  metres)  in 
diameter,  and  31'49  inches  (0"8  metre)  wide;  the  other  4  are  about  78'74 
inches  (2  metres)  in  diameter,  and  about  39-37  inches  (1  metre)  wide.  The 
former  crush  about  50  tons  of  moderately  hard  ore  in  24  hours,  with  a  con- 
sumption of  8  horsepower;  the  latter  are  designed  for  the  crushing  of  ex- 
tremely hard  ore,  and  treat  about  30  tons  in  24  hours,  the  pieces  being  intro- 
duced in  lumps  about  the  size  of  the  fist  and  ground  down  to  pass  through  002 
to  0-04  inch  (^  to  1  millimetre)  mesh.  The  repairs  consist  in  the  renewal  of 
the  chilled-iron  linings,  which  wear  out  in  about  1^^  years,  and  in  the  replace- 
ment of  the  cast-steel  balls.  These  wear  out  at  the  rate  of  about  33  pounds 
(15  kilogrammes)  of  metal  per  100  tons  of  ore. 

Each  separator  consists  of  2  rotating  cylindrical  portions,  the  separator 
proper  and  the  discharging-drum.  The  separator  consists  of  4  circular  electro- 
magnets, the  ends  of  which  are  separated  by  brass  rings,  whilst  they  are 
coupled  together  at  the  shaft.  The  discharging-drum  consists  of  8  concentric 
rows  of  soft-iron  pins,  which  are  set  in  a  wooden  drum.  The  pulp  is  conveyed 
to  the  magnets,  which  attract  the  magnetic  portion,  whilst  the  non-magnetic 
portion  flows  away.  The  points  of  the  discharging-drum  receive  temporarily 
induced  magnetism  as  they  approach  the  magnets,  the  result  of  which  is  that 
the  particles  of  iron-ore  adhering  to  the  magnets  are  transferred  to  the  former. 
Whenever  these  iron  points  recede  from  the  magnets,  they  lose  their  induced 
magnetism,  the  grains  of  ore  drop  off,  and  are  thus  delivered  to  a  separate 
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trough,  by  means  of  whicii  they  are  carried  away.  The  process  is  automatic, 
and  one  workman  can  look  after  several  separators.  A  separator  requires 
I  horse-power  for  driving  and  8  amperes  at  35  volts  for  the  electro-magnets. 
By  increasing  or  diminishing  the  quantity  and  tension  of  the  current,  the 
separators  ^an  be  regulated  with  the  utmost  accuracy,  so  that  they  can  also  be 
employed  for  calcined  red  haematites  and  spathic  iron-ores.  With  most  other 
separators  intermediate  products  are  obtained,  containing  from  6  to  10  per 
cent,  of  iron.  In  this  case  there  is  no  bye-product,  and  the  tailings  contain 
only  from  1  to  1^  per  cent,  of  magnetite.  According  to  the  contents  of  iron 
in  the  ore,  these  separators  can  treat  from  25  to  50  tons  of  ore  in  24  hours. 
The  concentrate  contains  from  65  to  71  per  cent,  of  iron,  and  it  makes  no 
difference  whether  the  original  ore  contains  18  or  40  per  cent,  of  iron. 

A  point  of  considerable  importance  to  the  process  is  the  briquetting  of 
the  concentrates.  Concentrates  can  only  form  a  small  proportion  of  a  blast- 
furnace charge  in  the  form  of  powder,  as  the  furnace  would  readily  become 
choked  by  their  use  in  quantity.  The  greater  portion  must  therefore  be 
Iriquetted.  This  is  done  by  compressing  the  wet  powder  into  briquettes, 
and  heating  them  in  this  form  for  a  short  period  up  to  700°  or  800°  Cent., 
or  else  by  jnixing  them  with  from  3  to  5  per  cent,  of  lime,  and  leaving  the 
briquettes  so  formed  for  about  two  weeks,  by  which  means  excellent  results 
have  been  obtained.  A  briquette-press  produces  in  24  hours  more  than  8 
wagon-loads  of  briquettes,  with  a  consumption  of  6  horsepower.  Such 
briquettes  form  an  ore  containing  a  high  percentage  of  iron;  they  are  porous 
and  very  easily  reduced. 

The  available  water-jDower,  at  the  site  selected  for  the  works,  was  125  to 
150  horsepower,  and  including  its  utilization  the  costs  of  the  erection  of  the 
works  for  the  treatment  annually  of  120,000  to  150,000  tons  were  as  follows :  — 


Plant.                                                                       Motive  Power. 

Florins. 

£ 

2  Ore-breakers                ...             ...             12  1 

horsepower 

2,900 

290 

2  Bucket-hoists              ...             ...               4 

1.600 

160 

8  Ball-mills      ...             ...             ...96  to  120 

20,900 

2,090 

8  Magnetic  separators  ...             ...               4 

15,800 

1,580 

Dynamo  and  electric  plant           .„               4 

1,600 

160 

Pump,  132  gallons  (600  litres)  per  minute    4 

650 

65 

Shafting  and  belting 

5,200 

520 

Building           ...             ...             ...             — 

6,500 

650 

Erection  and  miscellaneous  expenses         — 

9,850 

985 

Totals         ...       124  to  148 

65,000 

£6,500 

If  richer  ore  is  to  be  treated,  the  proportion  of  separators  must  be  in- 
creased. If  the  ore  be  excessively  hard,  only  75,000  tons  can  be  tieatcd  per 
annum. 

The  working  costs  per  annum  are  as  follows:  — 

Maintenance  of  the  crushing  machinery   ... 

,,  ,,        hoists 

,,  ,,        building 

Wages,  (high) ... 
Administration  and  miscellaneous  expenses 

Totals 

—So  that  the  cost  for  the  treatment  of  120,000  to  150,000  tons  would  be  about 
Bid.  (26  kreutzer);  or  in  the  latter  case,  treating  75,000  tons,  ll^d.  (46  kreutzer) 
per  ton.     If  no  water-power  is  available,  the  cost  for  horsepower  at  .£13  (130 
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Florins. 

£ 

11,000 
1,.300 

650 

6,500 

13,000 

1,100 

130 

65 

650 

1,.300 

.32,450 

£3,245 
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florins)  per  horsepower  per  year  nnist  be  added.  The  total  costs  thus  amount 
to  Sd.  (32}  kreiitzer)  or  Is.  4d.  (65  kreutzer)  per  ton  of  crude  ore.  At 
Pitkaranta,  the  costs  of  concentration,  including  the  employment  of  steam- 
power  from  January  to  September,  1897,  amounted  to  lid.  (1-16  francs)  per 
ton  of  crude  ore.  H.  L. 


DENSE  LIQUIDS  USED  FOE  THE  SEPARATION  OF  COAL  AND  SHALE. 

Note  sur  /'Eiuploi  f/es  Liquidesplus  Lourck  que  I'Eaii  pour  P Analyse  (/es  Charhons 
et  pour  It  ContrOle  Bapide  dts  Operations  de  Lavage.  By  —  Maurice. 
Comptes-Rtndus  mensueh  des  Beunibus  la  Society  de  Flnduxtrie  AIin6rale, 
1699,  imijes  144-165. 

In  the  determination  of  the  proportions  of  shale  in  small  coal  a  rectangular 
metal  box  is  used  3J:  inches  square  and  12  inches  long,  closed  at  one  end  and 
divided  in  the  middle  by  a  hinged  door,  which  ordinarily  is  kept  open  by  a 
spring,  but  can  be  closed  by  a  chain  from  the  outside.  The  lower  portion  ot 
the  box  is  filled  with  a  solution  of  a  proper  density  (one  in  which  coal  will 
float  and  shale  will  sink).  The  door  is  closed,  a  weighed  sample  of  about 
1  pound  of  small  coal  is  placed  in  the  upper  portion  above  the  door;  and  the 
box  is  filled  with  solution.  The  door  is  then  lowered  and  the  contents  of  the 
box  are  stirred,  and  after  standing  for  a  few  seconds  for  the  shale  to  settle, 
the  door  is  shiit.  The  separated  coal  is  entirely  contained  in  the  upper  portion 
and  is  collected  upon  a  sieve  with  holes  0'08  to  0"12  inch  in  diameter,  and 
the  weight  of  the  shale  in  the  lower  portion  when  the  solution  has  been  poured 
off  gives  a  close  approximation  to  the  amount  of  incombustible  matter. 

The  salt-3  suitable  for  use  are  enumerated  in  the  annexed  table,  giving  the 
density  of  their  saturated  sohitions  at  a  temperature  of  59°  to  68°  Fahr.  (15° 
to  20°  Cent.). 


Specific 
Gravity 
Suitable  Salts.    "^        of 

Satiirattd 
Solution. 

Calcium  chlcfride  1-411 
Zinc  sulphate  ...  r-!4") 
Potassium  bromide  I'oOO 
Cupric  chloride  ...  1'.528 
Sodium  bromide  l'o65 
Ferric  chloride  ...   1'632 


Suitable  Salts. 

Calcium  bromide 
Bariujn  bromide 
Potassium  iodide 
Zinc  ciiloride 
Sodium  iodide    .., 


Specific 

Gravity 

of 

Saturated 

Solution, 

1-652 
1-712 
1-734 
1-740 
1-810 


Cadmium  cbloride  1-8^0 


Specific 
Gravity 

Suitable  Salts.  of 

Saturated 
Solution. 

Maonesium  iodide  l-ttlO 
Barium  iodide  ...  1-^53 
Calcium  io/lide  ...  2-C06 
Zinc  iodide  ...  2-185 

Zinc  bromide      ...  2"3'.)l 


M.  W.  B. 


RUSSIAN  IRON-INDUSTRY. 

L'Indu-sfrie  Siderurgique  RuJise,  Etude  Economi'itie.  By  Paul  Trasenster. 
Beime  Universelle  de>s  Mines,  1899,  vol.  xlvi,  pagtn  151-213  and  273-312; 
and  vol.  xlvii.,  pages  33-68. 

An  idea  of  the  enormous  development  of  the  iron-industry  in  Russia  during 
the  last  few  years  is  given  by  the  fact  that  the  pig-iron  production,  which  was 
loss  than  500,000  tons  in  1883,  attained  1,000,000  tons  in  1891  and  exceeded 
2,000,000  tons  in  1898.  The  progress  of  the  consumption  has  been  still  more 
rapid,  as  shown  by  the  imports  of  iron-products,  which  have  exceeded  500,000 
tons  for  each  of  the  last  five  years. 
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The  remarkable  progress  of  this  industry  in  Southern  Eussia  has  been 
stimulated  by  foreign  capital;  but  its  future  depends  upon  the  extent  of  com- 
petition by  other  districts,  which  are  also  beginning  to  attract  foreign  capital. 
Central  Eussia,  where  there  was  an  ancient  charcoal-iron  industry,  has  entered 
into  the  movement  by  resorting  to  Donetz  coke;  and  the  two  Tula  blast- 
furnaces have  furnished  an  example  that  will  soon  be  followed  by  others  at 
Tambov,  Orel,  etc.  The  Ural  does  not  refrain  from  the  struggle,  for  large 
concerns  have  been  started  with  Eussian  capital,  while  two  French  companies 
are  endeavouring  to  rejuvenate  the  iron-industry  by  reserving  the  precious 
A'egetable  fuel  for  smelting  the  excellent  local  ores,  and  creating  transforma- 
tion-works on  the  Volga  with  naphtha  as  fuel. 

A  project  for  conveying  the  SouthernUral  ores  to  the  Donetz,  which  is  due 
to  the  increased  cost  of  Krivoi-Eog  ore,  appears  rather  premature  with  the 
present  means  of  communication;  but  one  of  the  large  ore-deposits,  that  (.f 
Bakal,  is  provided  with  railway  communication  by  the  recent  making  of  a 
branch  from  Bakal  to  the  Berdiauch  station  on  the  Samara-Zlatoust  rail- 
way. The  idea  of  bringing  mineral  fuel  to  the  Ural  ironworks  comprises 
several  variants,  the  most  natural  one  being  to  use  the  Ural  coats;  but  ifc 
present  the  latter  have  not  yielded  blast-furnace  coke.  Donetz  coke  has  been 
tried  at  works  in  the  Southern  Ural ;  biit  carriage  brings  up  the  cost  to  about 
half  as  much  again  as  that  of  charcoal.  A  proposition  has  also  been  made  to 
use  Siberian  coke;  but  the  nearest  of  the  large  Siberian  coal-fields,  that  of 
Irtych,  does  not  appear  to  yield  a  good  coking  coal,  although  this  point  is 
contested. 

The  iron-industry  of  Poland,  handicapped  by  the  absence  of  good  ore  and 
bituminous  coal,  is  nevertheless  making  progress,  thanks  to  cheap  coal  and 
labour.  The  rather  artificial  industry  of  St.  Petersburg,  that  originated  m 
the  consumption  of  foreign  pig-iron  and  fuel,  is  becoming  nationalized,  owing 
to  very  low  carriage  rates,  that  permit  of  its  receiving  pig-iron  from  the  centre 
and  south.  The  relative  importance  of  the  various  districts  is  shown  by  the 
annexed  table,  which  gives  the  production  of  pig  and  finished  iron,  and  also 
steel,  from  the  provisional  statistics  for  1898. 


Districts. 

Pig-iron. 

Puddle-bars. 

Steel  Ingots. 

Fir  ished  Iron 
and  Steel. 

Southern 
Central 

Ural 

Poland 

St.  Petersburg... 

Tons. 
1,006,000 

180,000 

1714,000 

263,000 

27,000 

Tons. 
33,000 

73,000 

357,000 

75,000 

42,000 

Tons. 
720,000 

ir,o,coo 

190,000 
245,000 
176,000 

Tons. 
626,000 

178,000 

385,000 

252,000 

207,000 

T,  .   ,             (1898      2,190.000 
lutais      ...  j  jg^-      2,836.000 

580.000 
572,000 

1.491,000 
I,?0(»,000 

1,648,000 
1,371,000 

Of  the  fiye  iron-making  districts  in  Eussia,  which  are,  in  the  order  of  their 
age,  the  centre,  the  Ural,  Poland,  St.  Petersburg,  and  the  South,  the  last- 
named  and  latest  in  point  of  development  occupies  the  first  rank  as  regards 
the  importance  of  its  production.  This  waa  already  the  case  in  1897;  and 
the  preceding  table  shows  that  it  produced  last  year  1,006,000  tons  out  of  the 
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total  of  2,190,000  tons,  tlie  total  for  1897  having  been  1,836,000  tons.  Hitherto 
increase  in  the  consumption  has  followed,  or  rather  preceded,  that  of  the 
production,  as  is  shown  by  the  large  figure  of  the  imports,  those  of  last  year 
representing  1,000,000  tons  of  pig-iron,  one  ton  of  finished  iron  being  takeji 
as  representing  1}  tons  of  pig-iron.  Owing  to  the  active  demand,  competition 
has  not  hitherto  been  too  keen  between  the  old  and  new  districts;  but  such 
will  not  always  be  the  case,  and  it  is  not  without  interest  to  inquire  into  the 
comparative  economical  conditions  constituting  the  factors  in  the  y  reduction 
of  the  various  industrial  centres. 

The  South  possesses  the  fuel  furnished  by  the  large  Donetz  coal-field, 
wliich  produces  all  the  dcscriijtions  required  by  ironworks,  and  also  the  ore 
yielded  by  the  Krivoi-Rog  mines  for  the  Bessemer  process,  and  that  of  the 
Kerch  deposit  for  the  Tlionias  process.  Both  these  classes  of  ore  occur  in 
large  deposits  that  can  be  worked  opencast;  and  they  can  be  jnit  out  at  very 
slight  cost^ — about  2s.  6M.  per  ton  (3  kopecks  per  pud).  The  carriage  from 
Krivoi-Rog  to  the  Donetz  costs  about  6s.  lid.  per  ton  (from  5  to  5k  kopecks  per 
pud)  to  which  must  be  added  the  royalty-rent  and  the  mine-owners'  profit; 
but  this  is  at  the  outside  Is.  S^d.  per  ton  (1  kopeck  per  pud)  for  the  old  com- 
panies, while  attaining  three  times  and  even  more  that  rate  in  recent  con- 
tracts. The  sale  price,  less  than  6s.  4d.  per  ton  (5  kopecks  per  pud)  before 
1897,  has  now  doubled;  but  new  finds  of  ore  to  the  south  of  Krivoi-Rog  have 
reduced  it  to  10s.  9d.  per  ton  (81  kopecks  per  pud),  and  in  future  a  mean  of 
9s.  6d.  per  ton  (7^  kopecks  per  pud)  on  wagon,  or  about  15s.  8d.  per  ton 
(12^  to  13  kopecks)  in  the  Donetz,  may  be  reckoned  upon.  With  coke  at 
16s.  6d.  per  ton  (13  kopecks  per  pud)  and  efficient  working  of  the  furnaces, 
Bessemer  pig-iron  should  cost  £2,  17s.  2d.  per  ton  (45  kopecks  per  pud)  at 
the  Donetz  furnaces.  The  Kerch  ore  does  not  cost  much  more  than  5s.  Id. 
per  ton  (4  kopecks  per  pud)  at  the  works  on  the  coast,  which  have  to  pay  about 
4s.  5d.  per  ton  (3  to  3i  kopecks  per  pud)  for  carriage  of  the  coke,  and  which 
should,  under  these  conditions,  be  able  to  turn  out  br.sic  pig  at  £2  10s.  lOd. 
per  ton  (40  kopecks  per  pud). 

In  the  Central  district  are  found  phosphoriferous  ores  of  moderate  richness ; 
>'ut  fuel  is  wanting,  coke  having  to  be  brought  from  the  Donetz  at  a  cost  of 
about  12s.  per  ton  (9  to  10  kopecks  per  pud).  Pig-iron,  which  must  cost 
£.3  3s.  6d.  per  ton  (50  kopecks  per  pod),  is  not  suitablCifor  the  Bessemer  nor 
for  the  Thomas  process,  but  only  for  foundry  purposes  or  for  puddling,  anl 
the  Siemens-Martin  basic  process.  The  transformation  is  effected  either  with 
wood,  as  at  Briansk,  or  with  petroleum,  as  at  Moscow  and  on  the  Volga,  while 
costing  appreciably  more  than  in  the  Southern  district;  and  under  these 
conditions  the  development  of  a  large  iron-industry  in  the  Centre  appears 
jirobleniatical. 

In  the  Ural,  where  there  are  large  deposits  of  good  iron-ore,  but  only 
vegetable  fuel,  charcoal-pig  is  produced  at  a  comparatively  low  price — say 
about  £3  6s.  8d.  per  ton  (between  45  and  60  kopecks  per  pud) ;  but  on  account 
of  the  high  cost  of  fuel  and  financial  charges,  the  transformation  comes  very 
dear,  while  the  profit  is  comparatively  slight. 

In  Poland,  good  ore  and  coking  coal  are  wanting;  and  pig-iron  is  made  for 
about  £3  16s.  3d.  per  ton  (60  kopecks  per  pud),  or  from  20  to  30  per  cent. 
dearer  than  in  the  South.  On  the  other  hand,  coal  for  the  furnaces,  and  also 
wages  are  about  20  per  cent,  cheaper,  while  the  labour  is  also  more  produc- 
tive ;  but  again  the  outlets  are  limited  on  account  of  the  geographical 
Bitnation. 

The  factitious  industry  of  St.  Petersburg  appears  to  be  the  least  valuable 
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under  present  circumstances,  both  ore  and  fuel  being  wanting;  and  tlie  pig- 
iion  is  saddled  with  the  cost  of  carriage,  which  varies  from  15s.  3d.  per  ton 
(12  kopecks  per  pud)  to  £1  18s.  Id.  per  ton  (30  kopecks  per  pud);  and  British 
coal  pays  an  import  duty  of  Is.  lOd.  per  ton  (1^  kopecks  per  pud),  costing 
about  17s.  Id.  per  ton  (13  to  14  kopecks  per  pud)  at  the  works,  or  twice  as  much 
as  in  the  Donetz. 

The  above  general  remarks  are,  of  course,  subject  to  exceptions,  because, 
independently  of  the  natural  conditions,  account  must  be  taken  of  the  special 
circumstances  of  each  concern,  especially  the  mineral  properties,  the  nature 
of  the  plant  and  manufacture,  the  technical  management  and  the  financial 
conditions.  As  regards  the  capacity  for  competition,  the  ratio  of  the  profit  to 
the  value  invoiced  is  the  chief  factor  to  be  considered.  In  fact,  if  there  be  a 
fall  of  10  per  cent,  in  the  sale  price,  this  fall  will  leave  a  good  margin  for 
profit  at  works  making  30  per  cent,  on  the  sum  invoiced,  while  the  conditions 
will  be  difficult  for  works  only  making  10  per  cent,  of  that  sum. 

J.  W.  P. 


AN    ELECTEICALLY-DRIVEN   COAL-STAMPING   MACHINE   FOR 
COKE-OVENS. 

Ueher  Kohleuslampfmusc/nnen.     />'./  H.  W.     Glilckauf,  1899,  roL  xxxi:,page  957- 

The  first  attempts  at  compressing  coal  destined  for  the  production  of  coke 
were  undertaken  in  Upper  Silesia.  In  these  experiments,  the  operation  was 
performed  in  the  coke-oven  itself,  either  by  loading  the  charge  during  the 
coking  process  with  heavy  plates,  or  by  compressing  it  with  the  aid  of  rollers ; 
or  finally,  by  using  the  coke-pusher  itself  as  a  compressor.  As  these  various 
trials  did  not  satisfy  expectations,  the  attempt  was  made  to  pound  the  coal 
into  a  denser  mass  in  a  box  made  either  of  wood  or  iron.  The  coal  is  usually 
charged  in  layers,  which  are  beaten  by  means  of  machinery. 

Of  the  machines  employed  for  the  purpose,  some  compress  the  coal  that 
is  to  be  coked  in  a  horizontal  direction  and  by  successive  portions  as  they  are 
charged ;  others,  imitating  the  former  operation  of  hand-pounding,  stamp  the 
coals  vertically.  Some  of  the  coal-stamping  machines  have  given  very  good 
results,  namely,  under  normal  circumstances  a  mass  of  coal  measuring  40 
inches  in  width,  32  inches  in  height  and  26  feet  long,  is  pounded  and  pushed 
into  the  coke-oven  in  an  average  time  of  20  minutes. 

In  the  Kuhn  coal-stampiug  machine,  the  coal  is  adn;ittcd  into  the  box  by 
means  of  a  hopper,  furnished  with  slides  which  can  be  regulated,  in  five  or 
six  successive  layers  of  a  thickness  of  10  to  12  inches.  This  coal-box  is  formed 
of  iron  plates  corresponding  to  the  shape  of  the  oven.  The  sides  are  movable, 
so  that  after  the  charge  has  been  pounded  into  a  firm  mass  they  can  be 
removed,  and  the  latter,  together  with  the  bottom  jDlate  of  the  box,  is  jjushed 
into  the  oven.  This  plate  runs  on  rollers,  and  is  connected  with  a  teethed  rod, 
by  means  of  which,  through  the  intermediary  of  sj^ur-gearing,  it  is  moved 
by  the  machinery  used  for  withdrawing  the  coke.  The  ram  or  stamper  is 
fitted  on  a  carriage  which  travels  to  and  fro  along  the  entire  length  of  the 
coal-box. 

The  coal-stamping  machine  is  worked  by  means  of  an  electromotor  which, 
by  means'  of  gearing,  rotates  a  shaft  and  a  crank.  The  crank  is  fitted 
with  a  connecting-rod,  which  moves  a  cross-head.  A  pawl  fastened  to  the 
cross-head  lifts  the  teethed  rod  of  the  ram  until  the  lever  of  the  pawl  strikes 
r.  pin;  the  pawl  is  thereby  released,  and  the  ram  falls  by  its  own  weight  upon 
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the  coal.  By  the  motion  of  the  crank  the  connecting-rod  and  the  cross-head 
now  begin  to  descend  until  at  the  bottom  the  lever  strikes  a  second  pin,  and 
the  pawl  again  engages  the  teethed  rod,  which  by  the  revolving  crank  is 
lifted  upwards;  and  thus  the  operation  is  repeated.  A  continuous  and 
uniform  blow  is  thus  attained,  for  the  ram  from  its  last  position  is  each  time 
lifted  a  definite  height  and  then  falls,  and  as  the  thickness  of  the  coal  in  the 
box  increases  the  ram  adapts  itself  automatically,  so  that  whatever  the  thick- 
ness, a  blow  of  a  uniform  strength  is  delivered.  The  coal-stamping  machine 
is  automatically  moved  in  a  horizontal  direction  along  the  box,  whereby  an 
uniform  compression  of  the  mass  of  coal  in  its  whole  length  may  be  effected. 

The  coke  produced  from  bituminous  coal  in  virtue  of  the  pounding  acquires 
a  denser  and  stronger  structure,  and  is  more  suitable  for  metallurgical 
purposes;  further,  it  is  possible  to  add  to  the  coal  as  much  as  15  per  cent,  of 
non-bituminous  coal  without  the  coke  showing  any  change  in  appearance  or  in 
the  firmness  of  its  mass.  Moreover,  a  much  dryer  coal  can  be  used,  by  which 
the  quantity  of  gas  necessary  for  heating  the  ovens  is  diminished.  In  conse- 
quence of  the  heavier  charges,  the  daily  increase  in  the  production  of  coke 
per  oven  is  about  10  per  cent.,  without  the  time  necessary  for  coking  being 
correspondingly  lengthened,  and  the  waste  at  the  top  and  bottom  ends  of  the 
coke  is  less.  M.  W.  B. 


OTTO  EECOVERY  COKE-OVENS  AT  THE  PREUSSEN  I.  COLLIERY. 

Kokiofen-Anlage  tnit  Geunnniuuj  von  Nebenei^zeugnissen  der  Ztche  Preusaeii  I. 
By  H.     Gluckauf,  1899,  vol.  xxxv.,  pages  685-686. 

A  plant  that  will  eventually  consist  of  160  ovens,  fired  underneath,  328 
feet  (10  metres)  long,  about  5-90  feet  (1-8  metres)  high,  and  24-80  inches  (63 
centimetres)  wide  in  the  middle,  now  being  erected  at  the  Preussen  I.  colliery, 
Westphalia,  is  well  calculated  to  show  the  great  progress  that  has  been  made 
during  the  last  five  years  in  the  construction  and  working  of  coke-ovens. 

Before  deciding  on  the  construction  of  this  plant,  a  stringent  test  of  the 
coals  was  made  at  the  Otto  experimental  coke-ovens,  which  was  attended 
with  very  satisfactory  results,  showing  a  yield  of  73-5  per  cent,  of  coke 
together  with  3*5  jier  cent,  of  tar  and  1-35  per  cent,  of  ammonium  sulphate; 
and  not  one  of  the  coke-ovens  that  Las  been  in  operation  for  3  years  has  shown 
the  slightest  sign  of  deterioration  through  overheating.  It  is  expected, 
when  the  whole  jjlant  is  completed  and  in  full  work,  that  240,000  tons  of  coke, 
31,000  of  tar  and  4,200  tons  of  ammonium  suljihate  will  be  produced  in  a  year, 
while  such  coke-ovens,  fired  underneath,  generate  1*15  pounds  of  steam  for 
every  pound  of  coal  coked.  J.  W.  P. 

PURIFYING  BLAST-FURNACE  GASES. 

Procidis  pour  Epurer  les  Gaz  des  Hauts-foumeaux.     Axox.     Echo  des  Mines  et 
de  la  MctaUurgie,  1899,  page  6,041. 

An  arrangement  for  intercepting  a  large  portion  of  the  dust  carried  along 
by  the  blast-furnace  gases  has  been  erected  on  a  lately  reconstructed  furnace 
at  the  Chiers  ironworks,  Longwy,  France,  the  principle  consisting  in  a  sharp 
change  of  direction  given  to  the  current.  The  apparatus  consists  of  a 
cylindro-conical  chimney,  at  the  base  of  which  is  the  gas  off-take ;  and  the 
gases  pass  into  an  annular  space  before  reaching  the  main  piirifier,  which  is 
a  rectangular  chamber  about  5  feet  high,  divided  into  three  compartments  by 
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partitions  parallel  with  the  short  sides  of  the  rectangle ;  and  the  bottom, 
containing  water,  assumes  the  form  of  an  inverted  truncated  cone,  fitted  with 
a  sliding-door  for  removing  the  intercepted  dust.  The  gases  enter  the  first 
compartment  by  a  vertical  pipe  fitted  with  safety-valves,  strike  against  the 
surface  of  the  water  and  rise,  to  descend  again  in  the  same  manner  for  the 
other  two  compartments.  After  these  changes  of  directions,  owing  to  which 
the  greater  portion  of  the  dust  has  been  thrown  down  into  the  water,  part  of 
the  gas  is  sent  to  the  boilers  and  the  rest  to  the  hot-air  stoves,  which  only 
require  cleaning  every  six  months.  J.  W.  P. 


EAISING  THE  TEMPERATURE  OF  BLAST-FURNACES  BY  INJECTING 

HEAVY  OILS. 

Surdevation  de  la  Temperature  des  HauU-fourneaux  par  Insufflation  d'Huites 
lourdes.  By  F.  Laur.  Echo  des  Mines  el  de  la  Metallurgie.  1899,  page 
6,041. 

This  method  of  superheating  the  blast  consists  in  interposing  between 
the  hot-air  stoves  and  the  tuyeres  an  injector  of  heavy  oils,  which  pass  into 
the  furnace,  increasing  the  temperature  and  the  yield,  while  greatly  facili- 
tating reduction  of  the  ore.  It  has  been  tried  with  satisfactory  results.  Thanks 
to  this  arrangement,  only  smoothed-faced  pig-iron  is  produced,  while  the 
carbon-  and  silicon-contents  are  considerably  increased.  J.  W.  P. 


AN  ELECTRICALLY-DEIYEN  STEEL  MILL. 

An  Electric  Steel  Mill.     Axox.     Mints  and  Minerals  [Scranton,  Pa.],  1899,  vol. 
XX.,  jjayes  137-138,  ivith  2  illustrations. 

At  Ensley,  8  miles  from  Birmingham,  Alabama,  a  new  j^lant  has  been 
erected  by  the  Alabama  Steel  and  Ship-building  Company.  The  capacity  of 
the  plant  is  1,000  tons  of  steel  daily,  the  product  of  ten  open-hearth  furnaces. 
There  is  also  a  44  inches  blooming-mill,  and  a  27  inches  finishing-mill.  The 
plant  presents  the  most  modern  electric  equipment  in  America  and  probably 
in  the  world.  In  the  central  power-house  there  are  two  units  of  225  kilowatts 
direct-current  generators,  to  which  a  third  unit  is  now  being  added.  The 
generators  supply  current  to  the  numerous  electric  motors  used  throughout 
the  works,  and  provide  for  lighting  the  mills.  The  furnace-charging  machines 
are  driven  by  electric  motors;  the  molten  steel  is  handled  by  electric  cranes; 
the  moulds,  after  being  filled  with  molten  steel,  are  propelled  by  an  electric 
locomotive,  and  the  ingots  are  drawn  through  the  re-heating  furnaces  by 
electrically-driven  gearing.  In  the  blooming-mill,  the  feed-tables,  the  travel- 
ling tables,  and  the  housing-screws  are  operated  by  electric  motors.  The 
run-out  tables  to  the  shears,  etc.,  are  driven  b}'  electric  motors.  From  the 
point  of  passing  through  the  shears,  both  billet  and  scrap  are  handled  by 
electric  conveyors,  and  an  electric-trolley  locomotive  shifts  the  cars  under 
the  conveyor.  All  the  departments  of  the  mill  are  fitted  with  overhead 
travelling-cranes  operated  electrically,  and,  in  fact,  from  the  arrival  of  the 
crude-ore  at  the  mills  until  its  delivery  as  finished  steel  electricity  takes  an 
active  part  in  every  stage  of  manufacture.  In  the  operation  of  the  gas- 
producers  and  boiler-plants,  electric  motors  turn  the  grates,  feed  the  coal 
into  the  grates,  operate  the  blowers,  and  carry  the  ashes  from  the  boiler-plant 
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out  of  the  building.  In  the  whole  of  this  extensive  jjlaut,  there  are  but  five 
steam-eiigiues,  two  of  which  are  used  to  generate  electricity,  the  latter  agent 
performing  the  duties  which  would  have  required  fifty  steam-engines. 

X.  Y.  Z. 


THE  COPPER  INDUSTRY  OF  CHILE. 

La  Indmtria  del  Cobre  en  el  Chile.  By  J.  Velasquez  Jimenez.  Ajiales  de  la 
Sociedad  Cieutljica  Argentina,  1899,  vol.  xlviii.,  pages  209-238,  vnth  four 
figures  in  the  text. 

The  author  sketches  the  recent  history  of  the  copper-industiy  in  Chile, 
and  shows  from  the  statistics  of  exports  that  it  reached  its  culminating  point 
in  the  decade  1876  to  1885,  since  which  year  the  exjjorts  have  continuously 
declined.  He  then  describes  the  famous  "  corner  "  in  copper  of  1887-1889,  and 
points  out  that  the  Chilian  mine-owners  suffered  far  more  from  that  disas- 
trous speculation  than  the  metallurgists.  There  was  every  incitement  to 
work  the  mines  in  the  most  wasteful  manner,  leaving  great  hollows  and 
labyrinths  of  irregular  drifts,  which  now  constitute  a  serious  drawback  to 
further  mining-operations.  In  their  feverish  haste  to  get  every  available 
scrap  of  copper  out  of  the  mines,  the  lessees  soon  drove  through  to  the  barren 
zones :  at  depths  of  1,000  and  1,500  feet  the  high  mineralization  of  the 
sulphides  ceases,  the  main  leader  generally  branching  out  into  thin  veins  of 
small  industrial  value.  It  is  held  to  be  an  axiom  that  at  a  particular  level  the 
workable  leaders  die  out,  and  the  greater  number  of  the  Chilian  mines  have 
now  reached  this  zone  of  impoverishment.  Hence  the  continuous  decrease  in 
the  output,  with  the  result  that  out  of  18  smelting-works  which  were  5  years 
ago  in  full  activity  only  8  now  remain  in  Chile.  The  author  agrees,  however, 
with  Mr.  San  Roman,  in  believing  that  beyond  the  zone  of  impoverishment 
rich  cupriferous  leaders  will  be  found  to  recur.  This  view  is  remarkably 
borne  out  by  the  case  of  the  Carrizal  Alto  district,  where  leaders  assaying  to 
11  and  12  per  cent,  of  metal  have  been  struck,  despite  the  practically  universal 
opinion  of  the  experts,  at  a  depth  of  1,300  feet  or  more.  At  Copiapo,  a 
British  company  is  working  very  successfiilly  the  Dulcinea  mine  at  a  depth 
exceeding  2,300  feet:  here  the  pyritiferous  leaders  assay  on  an  average  to  20 
per  cent,  of  metal.  It  seems  probable  that  fresh  exi3lora.tion-work,  if  backed 
by  a  sufficient  amount  of  capital,  would  prove  equally  successful  in  many  other 
Chilian  mines. 

The  remaining  and  larger  portion  of  the  memoir  (22  pages)  is  devoted 
in  the  first  place  to  a  description  of  the  smelting-works  of  Tierra  Amarilla, 
near  Copiapo,  where  two  methods  of  treatment  are  in  vogue :  (1)  the  English 
method,  whereby  the  whole  series  of  operations  is  conducted  in  reverberatory 
furnaces,  and  (2)  the  Continental  method,  embracing  the  use  of  blast-furnaces 
with  water-jackets.  Then  attention  is  invited  to  the  Lota  works,  owned  by  a 
company  whose  fleet  of  steamers  and  sailing-vessels  carries  lignite  (got  in 
their  own  mines)  to  the  northern  ports  of  Chile,  bringing  back  copper-ore  as 
ballast.  It  may  be  noted,  by  the  way,  that  this  company's  monthly  output  of 
Lota  lignite  averages  20,000  tons,  of  which  about  50  per  cent,  crumbles  into  a 
sort  of  charcoal-breeze.  Instead  of  wasting  this  breeze,  the  company  have 
started  various  industries  in  which  they  make  use  of  it  themselves.  Thus, 
utilizing  the  quartzitic  sands  of  the  locality,  they  have  developed  potteries 
and  glassworks,  and  they  make  firebricks,  of  which  they  consume  400,000  per 
annum,  selling  the  surplus  to  other  Chilian  smelting-works.     Feeding  their 
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own  smelting-works  with  the  return  cargoes  of  their  fleet,  this  company  treat 
daily  about  130  tons  of  ore,  two-thirds  of  which  are  oxides,  the  remaining 
third  being  sulphides.  Reverberatory  furnaces  are  used  for  roasting  the 
ore  and  forming  the  matte;  Manhes  converters  (introduced  in  1890),  for  trans- 
forming the  matte  into  black  copper;  and  blast-furnaces  for  treating  the 
scoria  from  the  converters,  the  black  cojjper  being  refined  in  small  rever- 
beratory  furnaces.  L.  L.  B. 


ROASTING    COPPER-ORE    AT    KESWICK,    CALIFORNIA. 

By  T.  Neilson.     Engineeri)ig  and  Miniiuj  Journal  [New  York'],  1899,  vol.  Ixriii., 
page-i  457-458. 

As  roasting  admits  of  many  variations,  it  was  the  practice  of  the  Mountain 
Copper  Company,  at  Keswick,  to  experiment  and  find  out  the  cheapest  and 
most  satisfactory  methods.  After  a  great  many  trials,  it  was  found  that  the 
results  of  stall-roasting  did  not  compare  favourably,  either  in  qviality  or 
cheapness,  with  heap-roasting,  and  the  heap-roasting  was  therefore  extended 
and  practically  all  coarse  ore  is  now  roasted  in  that  way.  The  advantages 
claimed  for  stall-roasting  were  more  than  counterbalanced  by  matting,  more 
expensive  discharging,  constant  repairs,  and  liea%'y  initial  cost  of  construction. 
For  good  practice,  a  heap  20  feet  wide,  8  feet  high,  and  from  500  to  1,500  feet 
long  (according  to  the  nature  of  the  ground)  was  found  to  be  the  most  suitable 
size.  .But  unless  some  system  of  electric  traction  is  used,  it  is  advised  that 
heaps  should  not  be  more  than  500  feet  long  where  plain  cars  are  in  use. 
Experiments  were  also  made  with  the  object  of  hastening  the  calcination  of  the 
ore.  About  10  feet  apart,  holes  were  drilled  under  the  heap,  or  earthenware 
tiles  were  laid  there  before  the  heap  was  built.  These  holes  were  blasted  with 
powder  when  the  heap  had  burned  for  2  or  3  months,  but  the  results  were  not 
satisfactory.  A  displacement  of  the  ore  all  over  the  ground  occui'red,  or  else 
slight  fissures  were  made.  In  one  case,  calcination  stopped  from  excess  of  air, 
and  in  the  other  matting  resulted.  Blasting  is  beneficial  when  the  heap  is 
almost  dying  out,  and  then  serves  chiefly  to  cool  the  ore  and  make  it  more 
easily  handled  by  the  shovel.  For  several  months  past,  the  company  has 
employed  a  20  cubic  feet  steam-shovel  for  the  purjjose  of  discharging  the  heaps, 
and  the  result  has  been  to  lessen  costs.  The  author  also  introduced  a  fresh 
method  of  heap-building.  In  this  case,  the  ore  was  screened  at  the  mines,  and 
by  building  on  a  long  stretch  of  ground  (1,500  feet)  a  temporary  trestle,  strong 
enough  to  bear  the  weight  of  a  loaded  train  of  100  tons  of  ore,  the  ore  could  be 
brought  to  the  heajj  without  any  intermediate  processes,  saving  the  cost  of 
blinkers,  grizzlies,  tramcars,  and  small  trestles.  When  the  heap  was  com- 
pleted, the  timbers  were  pulled  out  and  could  be  used  over  again  for  the  same 
purpose.  The  following  estimates  of  costs  will  show  the  saving  by  the 
improved  systems  of  handling :  — 


Labour... 

Cordwood 

Poles  left  in 

Proportionate  cost  of  lumber  &  rails 

Stores  ... 

Totals  ... 


Indirect  Loading. 
Cents.         Pence. 

Direct  Loading. 
Cents.         Pence. 

15  00        7-50 
2-50         1-25 
0-20        010 
0-16         0-OS 
0  04         0-02 

6-25 
2-50 

0o4 
0-02 

3-12 
1-25 

0-27 
001 

17-90        8-95 

9-31 

4-65 
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Dischivgiiig 
Cents. 

(Munual). 

steam 
Cents. 

-shovel. 
I'euce. 

Labour  .. 
Repairs 
Stores  ... 
Interest 

...       20-50 
2-50 

10-25 
1-25         '. 

4  50 
010 
012 
0-20 

2-2') 
0  05 
0-0(5 
0-10 

Totals  ... 

...       2300 

11-50 

4-92 

2-46 

Total    ... 

...       40-90 

20-45 

.       14-23 

7-11 

These  statistics  show  a  saving  in  favour  of  the  new  system  of  Is.  l-34d. 
(26-67  cents.),  which  on  500  tons  per  day  (and  from  500  to  800  tons  are  handled 
from  the  mine  daily)  is  equal  to  a  saving  of  nearly  iilO.OOO  (50,000  dollars)  per 
annum.  Heap-roasting  is  suited  only  to  comparatively  dry  climates  and 
districts  where  the  fumes  of  sulphurous  acid,  etc.,  will  not  destroy  vegetation. 
For  like  reasons,  it  would  not  be  advisable  to  bring  the  heaps  within  close 
proximity  of  towns.  Heap-roasting  is  a  primitive  but  cheap  process,  althougn 
it  seems  wasteful  to  lose  such  a  valuable  ingredient  as  the  suljjhur;  still,  as 
the  market  for  sulphur  and  sulphuric  acid  is  far  away  from  Keswick,  the 
article  would  be  a  drug  on  the  market.  X.  Y.  Z. 


INFLUENCE  OF  PEATY  WATER  ON  THE  AMALGAMATION  OF 

GOLD-ORES 

Ueher  den  Einflit-is  vo)i  Moorwx/iser  auf  die  Amalgamation  von  Golderzen.  By 
W.  Witter.  Benj-und  HueUenmannische  Zeitung,  1899,  vol.  Iviii.,  pages 
349-354. 

The  author  examined  in  the  summer  of  1897  a  gold-mill  in  the  province 
of  Sinalmd,  iti  Sweden.  The  ores  whic'i  were  there  worked  were  pyrites, 
carrying  on  the  average  18  pennyweights  (30  grammes)  per  ton  of  free  gold 
and  some  silver.  The  water  used  in  the  stamp-mill  was  taken  from  the  river 
Einan,  which  passes  close  to  the  works,  and  the  water  of  which  is  chiefly 
derived  from  peat-moors.  In  the  autumn,  winter  and  spring,  and  also  in 
summers  with  a  heavy  rainfall,  the  amalgamation  of  the  ores  presented  no 
difficulty,  but  when  the  river  carried  but  little  water,  and  when  warm,  dry 
weather  ruled,  the  amalgamated  plates  became  covered  with  a  green  slime, 
which  almost  prevented  the  mercury  from  taking  up  any  gold.  Although 
all  possible  methods  were  resorted  to,  such  as  the  addition  of  milk  of  lime  to 
the  water,  or  the  filtration  of  the  latter  through  a  filter  of  burnt  lime,  this 
effect  of  the  water  still  remained.  As  soon  as  the  green  slime  was  rubbed  off 
the  plates,  it  rapidly  formed  again;  and  it  finally  became  necessary  to  stop 
amalgamation  during  the  dry  season. 

The  author  examined  both  the  river-water  and  also  the  green  deposit, 
and  he  has  proved  that  it  was  organic  matter  which  caused  the  difficulty. 
Upon  adding  milk  of  lime  to  the  water  which  contained  the  organic  substance 
in  a  concentrated  form  (20  litres  were  evaporated  down  to  500  cubic  centi- 
metres), a  considerable  deposit  of  a  greenish  colour  was  i^roduced.  When 
this  deposit  was  heated,  it  burnt  and  left  but  little  residue;  on  burning  the 
green  slime,  a  cupriferous  ash  remained. 

The  cause  of  this  phenomenon  must,  therefore,  be  sought  in  the  humus 
and  the  humic  acids  which  the  water  had  derived  from  the  peat.  According 
to  Prof.  Fischer,  humic  acids  form  insoluble  compounds  with  metals.     It  is 
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therefore  liighly  i^robable  that  the  water  containing  huniic  aoid  would  attack 
the  amalgamated  cojjjjer-jjlates,  in  spite  of  their  being  silvered,  thus  pro- 
ducing the  insoluble  green  precipitate  which  covered  the  surface  of  the 
mercury. 

Experiments  tried  in  the  Hamburg  laboratory  in  order  to  further  clear  up 
this  interesting  point  led  to  no  result.  It  was  noticeable  that  pure,  bright 
sheet-copper,  which  was  allowed  to  stand  for  6  months  in  the  concentrated 
water,  showed  no  signs  of  the  formation  of  the  green  dejDosit.  H.  L. 


CHLORIXATION  OF  GOLD-ORES  AT  MOUNT  MORGxlN. 
By  Edsar  Hall.      Engineering  and  Mining  Jonrnal  [Ne>r   YorlS],   1899,   vol. 
Ixviii.,  page  426. 

The  famous  gold-mine  at  Mount  Morgan,  Queensland,  probably  possesses 
the  largest  chlorination-mill  in  the  world.  Until  a  few  years  ago,  barrel- 
chlorination  was  the  method  chiefly  adopted  with  practically  no  improve- 
ments. But  chlorination,  as  conducted  at  Mount  Morgan  to-day  almost 
deserves  the  name  of  a  new  process.  The  gold  is  still  chlorinated  and  ex- 
tracted from  the  chloride-solutions  by  means  of  charcoal,  but  the  methods  are 
completely  altered.  Direct  leaching  of  the  ore  in  open  vats  by  a  solution  of 
chlorine  in  water  has  rendered  possible  the  employment  of  much  larger  plant. 
The  roasting-plant  has  also  been  remodelled,  very  large  revolving-cylinders, 
with  continuous  discharge,  being  used  for  the  oxidized  ore,  and  the  Richard 
furnace  for  the  pyritic  ore.  This  furnace  is  very  economical  in  fuel,  has  a 
large  output,  and  furnishes  a  thoroughly  oxidized  product.  The  ore  moves 
automatically  over  inclined  planes  in  such  a  way  that  the  quantity  of  ore  per 
square  foot  lying  on  the  hearth  increases  as  the  end  of  the  roast  is  approached, 
while  the  speed  of  travel  decreases.  The  movement  is  assisted  towards  the 
end  by  jets  of  air,  which  also  serve  to  supply  oxygen.  This  is  an  exjjensive 
furnace,  but  it  secures  the  low  initial  heat  and  final  high  temperature  required 
by  theory  in  a  very  perfect  manner,  and  it  makes  hardly  any  flue-dust.  The 
gases  issuing  from  the  furnace  are  exceptionally  rich  in  sulphurous  acid  and 
low  in  oxygen,  thus  pointing  to  a  high  chemical  efficiency.  Various  mechanicAl 
roasters  were  tried  without  success  before  the  Richard  furnace  was  evolved. 

The  West  Works,  for  the  treatment  of  mundic  ores  solely,  embodies  the 
latest  Mount  Morgan  practice.  The  ore  is  dry  crushed  in  Krupp  ball-mills, 
then  roasted  in  Richard  furnaces,  cooled  by  an  ingenious  device,  and  conveyed 
automatically  to  large  bins,  from  which  it  is  trucked  to  the  vats.  The  vats 
are  verj'  large  oblong  tanks  made  of  cement-concrete,  about  4  feet  deep,  and 
with  a  filter-bed  of  sand  and  gravel  on  the  bottom.  The  vats  are  perfectly 
open  on  the  top,  and  the  leaching  of  the  ore  is  conducted  in  exactly  the  same 
manner  as  ordinary  cyanide  or  hyposulphite-lixiviation.  The  chloride-solu- 
tion is  passed  through  charcoal-filters  for  precipitation  of  the  gold.  The 
filters  are  made  very  large,  and  lined  with  cement.  The  chlorine  is  generated 
in  stills,  in  the  ordinary  way,  from  manganese,  salt  and  sulphuric  acid,  and 
absorbed  in  water  contained  in  large  cement-lined  covered  tanks.  Portland 
cement  is  used  wherever  chlorine-bearing  liquids  are  dealt  with,  not  even 
omitting  the  chlorine-stills. 

This  open-vat  lixiviation  of  gold-ores  by  chlorine-water  has  reduced  costs 
enormously.  It  simplifies  the  whole  process,  renders  it  applicable  on  any 
scale  that  may  be  desired,  and  for  gold-ores  which  require  roasting  it  is  much 
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cheaper  than  cyaniding.  It  is  also  applicable  to  ores  carrying!  a  sftiall  amount 
of  copper,  where  cyanide  would  fail  altogether.  The  new  practice  has  ren- 
dered profitable  the  enormous  quantities  of  low-grade  ores  existing  in  the 
mine.  X.  Y.  Z. 


MAX  NETTO  PROCESS  OF  TREATING  GOLD  AND  SILVER  ORES. 
Note  siir  le  ProcMd  Max  Netto  pour  le  Traitement  iles  Minerais  d'Or  et  d' Argent. 
By  L.  Legrand.    Rerue  Universelle  des  Mines,  1S99,  vol.  xlv.,  page-f  125-136. 

Favourable  results  have  been  obtained  by  the  author  working  with  this 
process  at  the  Horcajo  silver-lead  mines,  Spain,  and  favourable  reports  have  also 
been  received  from  Hiendelaencia.  The  method  of  treating  the  ores  of  the 
precious  metals  varies  according  to  whether  they  are  purely  argentiferous,  or 
auriferous,  or  mixtures  of  both. 

Argentiferous  ores  are  crushed  fine  and  treated  with  potassium-cyanide 
solution,  the  dissolved  silver  being  drawn  off  and  precipitated  by  hydro- 
chloric acid.  The  precipitate  only  requires  filtering  in  a  press  to  be  ready  for 
n;arket;  and  the  cyanide  is  recovered  by  treating  the  waste  liquor  with  caustic 
soda  or  milk  of  lime. 

Auriferous  ores  are  also  finely  crushed,  and  extracted  by  means  of  potas- 
sium cyanide ;  but  the  gold  solution  is  treated  differently,  being  first  rendered 
slightly  acid  with  hydrochloric  acid  and  then  electrolysed  in  a  Netto-Roscher 
apparatus.  This  consists  of  a  number  of  superimposed  wooden  frames,  en- 
closing perforated  sheets  of  lead,  about  0-02  inch  thick,  and  spaced  1  inch 
apart,  the  frames  being  held  tightly  together  by  clamps  engaging  on  the 
wooden  cover  and  base.  A  current  of  0'2  volt  and  3'5  amperes  jDcr  square 
metre  (10'76  square  feet)  of  electrode  induces  the  deposition  of  the  gold  on 
the  catliode,  along  with  a  portion  of  lead  dissolved  from  the  anode.  The  gold 
is  easily  recovered  from  this  spongy  mass  by  cujiellation,  whilst  the  cyanide 
is  won  back  from  the  electrolyte  as  before. 

Mixed  ores,  such  as  require  chlorination-roasting,  are  subjected  to  this 
treatment,  and,  as  the  soluble  sulphates  then  formed  jDreclude  the  emj^loy- 
nient  of  electrolysis,  the  solution  is  treated  with  hydrochloric  acid  to  precipi- 
tate the  silver — a  small  proportion  of  the  gold  being  also  carried  down.  The 
liquid  is  decanted,  slightly  acidified,  and  treated  with  a  mixture  of  zinc-dust 
and  spongy  lead,  the  former  accelerating  the  deposition  of  the  gold  upon  the 
lead.  A  larger  amount  of  cyanide  than  usual  is  consumed  in  this  process,  the 
presence  of  zinc  preventing  complete  recovery. 

If  the  ore  does  not  require  chlorination,  the  same  treatment  is  adopted  as 
for  argentiferous  ores,  the  gold  being  in  part  thrown  down  with  the  silver, 
and  the  remainder  recovered  by  the  electrolytic  treatment — either  direct, 
when  the  gold  is  in  relatively  large  proportion,  or  after  collecting  a  sufficient 
quantity  of  the  residual  si  lution. 

The  argentiferous  slimes  treated  at  Horcajo,  contain  14  per  cent,  of 
lead  and  .38^  ounces  troy  (1,200  grammes)  of  silver  to  the  ton.  It  has  been 
found  advantageous  to  subject  them  to  chlorination-roasting  with  5  per  cent, 
of  salt  and  2  per  cent,  of  pyrites,  as  this  increases  the  amount  of  recoverable 
silver  and  also  facilitates  lixiviation.  When  chlorinated,  the  mineral  is  treated 
with  a  0-3  per  cent,  solution  of  potassium  cyanide.  In  practice,  double  the 
theoretical  quantity  of  cyanide  is  required  to  entirely  dissolve  the  silver. 
After  6  days'  treatment,  the  unextracted  silver  is  reduced  to  5f  ounces  troy 
(180  grammes)  per  ton,  this  being  probably  combined  witli  galena. 
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Precipitation  is  eifocted  in  large  tanks,  ^  gallon  {2i  litres)  of  33  per  cent, 
liydrocliloric  acid  being  required  per  2-2  pounds  (1  kilogramme)  of  silver;  the 
use  of  any  other  acid  involves  a  loss  of  cyanide  reagent,  the  silver  being  in 
such  cases  thrown  down  as  silver  cyanide.  When  pressed  and  dried,  the  cakes 
of  silver  chloride  contain  on  an  average  56  per  cent,  of  silver.  The  total  work- 
ing expenses  come  to  less  than  20s.  (24'90  pesetas)  per  ton. 

When  tlie  mineral  contains  a  large  proportion  of  lead,  the  lead  sulphate 
formed  from  the  galena  during  roasting  remains  in  the  residue  from  the 
cyanide  process  and  can  be  concentrated  and  recovered,  together  with  a 
portion  of  the  unextracted  silver.  C.  S. 


PEOPERTIES  OF  ALUMINIUM. 

Snr  les  Projjridtds  cle  V Aluminium.    By  A.  Ditte.     Compf-es  Reudus  hehdomadaires 
des  Siance-'i  de  l'Acad6mie  des  Sciences,  1898,  vol.  cxxvii.,  pages  919-924. 

The  resistance  offered  by  aluminium  to  chemical  influences  is  more 
apparent  than  real,  and  is  in  fact  due  to  the  protection  afforded  by  the  rapid 
formation  of  a  thin  superficial  film  (of  e.g.  hydrogen,  nitrogen  dioxide,  or 
alumina),  according  to  the  nature  of  the  reagent  in  which  the  metal  is  im- 
mersed, and  which  is  therefore  prevented  from  coming  into  close  contact  with 
it.  If  this  film,  however,  be  removed  continuously  as  soon  as  formed,  the  attack 
of  the  metal  will  proceed  until  comjjlete  solution  has  been  effected.  A  solution  of 
sodium  chloride,  or  similar  salt,  will  appreciably  dissolve  the  metal;  aluminium 
chloride  being  at  first  formed,  but  this  is  subsequently  converted  into  the 
oxide  by  double  decomposition,  the  entire  reaction  liberating  (157"3  +  287  =  ) 
444'3  calories.  The  second  part  of  the  reaction  is  suppressed  when  free  acid 
is  present  in  the  salt-solution,  aluminium  chloride  being  then  produced  and 
hydrogen,  liberated  continuously,  until  all  the  metal  is  dissolved,  or  until  the 
free  acid  is  exhausted.  Acid  salts  have  a  similar  effect,  the  metal  being 
gradually  attacked,  for  instance,  by  a  mixture  of  sodium  chloride  and  potas- 
sium bi-tartrate  or  bi-oxalate;  other  halogen  compounds — bromides  or  iodides 
— may  also  replace  chlorides  in  the  reaction,  which  in  such  cases  still  remains 
exothermic. 

Under  the  influence  of  alkali  carbonates,  such  as  are  generally  employed 
for  cleaning  utensils,  aluminium  is  rapidly  attacked,  sodium  aluminate  being 
formed  and  hydrogen  liberated,  whilst  the  carbon  dioxide  set  free  goes  to 
form  bi-carbonate  with  the  alkali  mono-carbonate.  The  reaction  only  ceases 
when  the  whole  of  the  latter  has  been  converted  into  bi-carbonate.  Pure 
aluminium  is  also  attacked  by  ammonia,  until  the  surface  of  the  metal  has 
become  coated  with  a  crystalline  film  of  aluminium  hydroxide.  C.  S. 


ELECTROLYTIC  PRODUCTION  OF  CRYSTALLINE  TUNGSTEN. 

Sur  la  Production  par  Electrolyse  du  Tungstene  Crystiillis6.  By  L.  A. 
Hallopeau.  Comptes  Rendus  hehdomadaires  des  Seances  de  I'Acad^mie 
des  Sciences,  1898,  vol.  cxxvii.,  pages  755-756. 

The  author  finds  that  lithium  paratungstate  is  reducible  to  tungsto- 
lithium  tungstate  by  tin,  and  that  a  further  reduction  to  crystallized  tungsten 
dioxide  can  be  effected  by  means  of  hydrogen  at  a  red  heat,  this  oxide  being 
converted  into  the  metallic  state  when  greater  heat  is  employed.  When 
sodium  or  potassium  tungstate  is  electrolysed,  tungsto-alkali  tungstatcs  are 
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formed  :  but  the  results  arc  different  when  the  lithium  compounds  are  subjected 
to  the  same  treatment.  Thus,  on  fuzing  lithium  paratungstate  in  a  porcelain 
cnicible,  raising  the  temperature  to  about  1,000°  Cent.,  and  subjecting  it 
to  a  15  volts  3  amperes  current  for  3  hours,  with  platinum  electrodes,  then 
washing  the  mass  successively  with  boiling  water,  concentrated  hydrochloric 
acid,  a  boiling  20  per  cent,  solution  of  lithia,  and  cold  water,  a  decidedly 
crystalline  residue  was  obtained,  which  proved,  on  analysis,  to  consist  of 
metallic  tungsten,  containing  up  to  6  per  cent,  of  platinum  (derived  from  the 
electrodes).  The  crystals  are  ofaque,  have  a  fine  metallic  lustre,  and  are 
prismatic  in  form,  most  commonly  acicular  and  probably  due  to  agglomera- 
tions of  octahedra,  as  in  the  parallel  forms  exhibited  by  silicon. 

Iron  electrodes  proved  unsuitable,  owing  to  the  rapidity  with,  which  they 
were  corroded  by  the  fused  salt.  The  author  proposes  to  repeat  his  investiga- 
tions, with  platin-iridium  electrodes.  C  S. 


UTILIZATION  OF  COAL-DUST  AND  SLIMES  AS  FUEL. 
Uther  Verwerthung  von  Kohlemchlamm  und  KoJdenstauh.  Anon.  Oesterreichische 
Zeit  sell  riff  /ilr  Benj-  und  IliUtenwesen,  vol.  xlviL,  pages  127-1-9. 
Fine  coal-dust,  containing  from  26  to  28  per  cent,  of  ash  and  7|  per  cent, 
of  water,  and  the  slimes  deposited  from  the  settling-ponds  of  coal-washeries, 
containing  30  per  cent,  of  ash  and  19  per  cent,  of  water,  are  burnt  under  Lan- 
cashire boilers  by  means  of  the  Bechem  and  Post  system,  consisting  of  an  air- 
blast  at  a  pressure  of  not  less  than  4  atmospheres,  the  velocity  of  the  ciirrent 
being  sufficient  to  set  the  bed  of  fuel  in  motion  and  burn  the  finely-divided 
carbonaceous  matter  whilst  in  suspension,  giving  a  large  volume  of  flame, 
whilst  the  fire-bars  are  scarcely  red-hot.  Owing  to  the  large  amount  of  incom- 
bustible matter,  the  laoour  in  stoking  and  clearing  the  fires  is  about  double 
that  required  with  ordinary  coal.  Reckoning  the  dust  and  slime-coal  at  2s. 
jer  ton,  the  cost  of  evaporating  a  ton  of  water  is  about  Is.,  whilst  with,  coal 
at  8s.  6d.  per  ton,  the  cost  of  evaporating  a  ton  of  water  is  Is.  7d.,  or  a  saving 
of  about  30  per  cent.  Vv^ith  small  coal,  costing  6s.  5d.  a  ton,  the  saving  was 
26  per  cent.  M.  W.  B. 


COAL-DUST  FUEL  FOE  FIRING  BOILERS  AND  HEATING  FURNACES. 

De  r  Emploi  du  Charhon  Pulveris6  dans  les  Foyers  des  Chaudiere-'i  et  des  Fours 
'in6taUurgiques.  By  A.  Halleux.  Rente  Universelle  des  Mines,  1899,  vol. 
xlvi.,  pages  21-34. 

The  importance  of  using  coal-dust  in  connection  with  the  utilization  of 
small  or  inferior  fuel  justifies  the  numerous  investigations  to  which  this 
subject  has  given  rise;  and  the  present  state  of  the  question  may  be  summed 
up  as  follows:  — 

The  Schwartzkopff  method  has  given  sufficient  practical  results  to  attract 
the  attention  of  manufacturers;  and  the  realization  of  this  very  rational  idea 
leads  especially  to  a  better  utilization  of  the  heat  furnished  by  a  combustible, 
while  permitting  of  only  the  calorific  value  of  a  coal  being  taken  into  con- 
sideration independently  of  its  physical  state;  and  on  the  other  hand,  in  con- 
nexion with  the  laying  down  of  boilers  and  furnaces  in  large  towns,  the  com- 
bustion, almost  perfect,  is  effected  without  the  production  of  smoke. 

J.  W.  P. 
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EVAPOEATIVE  EFFICIENCY  OF  OIL-FUEL. 

Crude  Fetrolemn  and  its  products  as  Fuel.  By  H.  Tweddle.  Eiigineering  and 
Mining  Journal  [N'ew  York],  J899,  vol.  Ixviii.,  pages  459-460,  488-490, 
and  517-520,  with  18  illustrations. 

The  author  has  for  many  years  used  crude  oil  in  stationary  boilers  and 
furnaces  without  accident,  but  would  consider  the  general  use  of  such  fuel  in 
locomotives  and  steam-ers  most  dangerous.  For  such  purposes,  no  petroleum 
with  a  fire-test  of  less  than  200^  Fahr.  should  be  used.  With  a  fire-test  of 
250°  Fahr.,  it  is  a  safer  fuel  than  coal.  The  simplest  and  best  way  of 
burning  liquid  fuel  is  by  injecting  it  in  the  form  of  spray  by  means  of  a  steam- 
jet  into  the  furnace  and  allowing  the  right  amount  of  air  to  mix  with  it. 
Numberless  different  injectors  or  burners  have  been  devised  for  this  purpose, 
but  the  author  contends  that  the  proper  place  to  improve  is  the  combustion- 
chamber.  In  order  to  obtain  the  greatest  eificiency,  the  oil  should  be  burned 
in  a  confined  combustion-chamber  at  the  highest  possible  temperature.  It  is 
most  necessary  that  the  combustion-chamber  be  of  a  refractory  non-conducting 
substance,  which  soon  becomes  heated  to  incandescence,  and  that  all  gases, 
together  with  the  incoming  air,  must  pass  through  this  focus  of  heat.  In  the 
case  of  locomotives  or  steamers  much  better  results  are  obtained  when  the  oil 
is  injected  with  a  steam-jet,  but  air-injected  oil  is  more  suitable  for  forges  and 
furnaces  for  heating  iron  or  other  metallurgical  operations.  The  chemical 
fombinations  that  occur  in  this  high-temperature  furnace  are  not  very  well 
defined.  Theoretically,  the  carbon  becomes  oxidized  into  carbon  dioxide  and 
the  hydrogen  to  water,  bufe  on  ssveral  occasions  when  the  author  was  engaged 
in  experimenting  on  the  evaporative  efficiency  of  fuels,  the  evaporative 
efficiency  actually  obtained  was  greater  than  that  theoretically  possible.  In 
these  experiments,  the  fuels  were  analysed,  weighed  and  their  theoretical 
efficiencies  calculated ;  the  amount  of  steam  evaporated  was  also  carefully  freed 
of  any  water  which  might  have  been  carried  over  mechanically;  it  was  condensed 
and  weighed;  the  amount  of  air  entering  the  furnace  was  measured,  and  as 
far  as  possible,  all  factors  of  error  were  eliminated.  Under  such  conditions 
accurate  results  might  have  been  expected,  but  on  many  occasions,  especially 
when  using  steam-injected  oil  and  working  under  heavy  forced  draught,  the 
evaporative  efficiency  obtained  was  greater  than  the  theoretical  efficiency. 
Moreover,  there  seemed  to  be  no  control  applicable  to  these  results — sometimes 
they  would  happen  and  sometimes  not.  But  when  they  did  happen,  the  author 
always  noticed  that  for  some  reason  the  focus  of  heat  was  more  intensely 
incandescent  than  usual,  and  that  the  combustion-chamber  was  almost  free 
from  flame.  It  was,  in  fact,  a  case  of  flameless  combustion,  and  the  author 
was  led  to  believe  that  at  these  extremely  high  temperatures  combinations 
D.ight  occur  with  which  we  are  as  yet  unacquainted.  But,  although  the 
author  suggests  a  theoretical  explanation  of  these  results,  his  chief  object  is 
to  draw  attention  to  the  fact  that  the  higher  the  temperature  obtained  in  the 
furnace  the  greater  is  the  economy  in  the  use  of  liquid  fuel.  X.  T.  Z. 


COAL-SUPPLY  TO   A  CENTEAL  ELECTEIC   STATION. 

Une   Usine  Parisienne.       By  Robert  Pitaval.       Echo    i/ls  Mines    et    de   la 
Metallurgie,  1899,  col.  xxvi.,  pages  5,614-5,6i5. 

The  coal-boxes  at  the  generating  station  on  the  Quai  de  Jemappes,  Paris, 
of  the  Societe  Parisienne  de  I'Air  Comprime,  are  situated  on  the  fourth  floor; 
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and  the  coal  is  now  taken  out  of  the  barges  and  delivered  into  the  boxes  by  a 
combined  conveyer  and  elevator  of  recent  design,  by  which  a  300  tons  barge 
is  discharged  automatically  in  a  day.  An  electric  crane  on  the  quay  transfers 
the  coal  from  the  lighter  to  a  hopper;  and  it  is  then  taken  by  a  conveyer, 
23  feet  (8  metres)  long,  which  traverses  the  quay  by  an  underground  passage, 
the  coal  being  brought  to  a  tipping-hopper,  where  it  is  weighed  automatically. 
It  is  then  taken  up  by  an  elevator,  131  feet  (40  metres)  high,  to  the  upper 
hopper,  whence  horizontal  conveyers  deliver  it  into  bunkers  over  the  various 
boilers.  The  plant  works  well,  stopping  immediately  on  the  least  irregularity 
occurring;  but,  as  the  fuel  consists  almost  entirely  of  slack,  the  dust  quickly 
chokes  the  rollers,  notwithstanding  the  fact  that  every  part  is  cased  in.  On 
the  third  story  are  28  Delaunay-Belleville  boilers  (with  space  for  12  more), 
laid  on  a  strong  floor  covered  with  sheet-lead.  The  feed-pumps  draw  from 
the  decantation-  and  purifyiug-tauks  on  the  second  floor,  the  salts  in  solution 
being  precipitated  by  lime  and  soda.  After  filtering  through  wood-fibre,  the 
water  only  possesses  5  degrees  of  hardness;  and  it  is  then  heated  in  econo- 
mizers. On  the  first  story,  are  7  dynamos,  each  of  700,000  watts,  driven  by 
1,200  horsepower  compound  Coi'liss  engines.  J.  W.  P. 


COSTS  OF  STEAM  AND  WATER-POWEK . 

The  Comparatire  Cost  of  Steam  and   Water-ponrr.      By  William  0.   Webber. 
Engineering  Magazine,  1893,  t^ol.  xv. ,  pages  922-927. 

The  cost  of  working  a  1,000  horsepower  steam  plant  is  as  follows :  — 

Per  Horpepower 

per  annum. 

s.       d. 

Interest  on  capital,  depreciation,  repairs,  etc 27     3 

Coal  (14  pounds  per  indicated  horsepower  at  16s.  O^d. 

per  ton)   30  10^ 

Wages  (2  engineers  and  2  stokers) 12  10 

Oil,  waste,  etc 3     4 

The  lowest  cost  known  to  the  author  is  £2  8s.  6d.  per  horsepower  per 
annum,  with  coal  at  7s.  4d.  per  ton.  This  plant  consists  of  a  "vertical  com- 
pound condensing  engine,  with  an  average  load  of  950  horsepower,  working 
at  a  steam-pressure  of  155  pounds  per  square  inch,  with  Heine  water-tube 
boilers.     An  exhaust-steam  Jieater,  and  a  Green  economizer  are  used. 

The  cost  of  water-power  plaut,  comprising  3  wheels,  producing  a  maximum 
of  510  horsepower  and  an  average  of  315  horsepower,  is  ,£1  3s.  2d.  per  horse- 
power per  annum.  M.  W.  B. 


CENTRAL  CONDENSATION  PLANT  AT  THE  RECKLINGHAUSEN 

COLLIERY. 

Die  Cent  rat- Kondensation  des  Schachtes  JRecHinghausen  II.  mid  Hire  Betriehsergehnii^se. 
By  W.  M.    Gliickauf,  1899,  vol.  xxxv.,  pages  485-488,  with  draivings. 

For  better  utilizing  the  steam-power  available  at  No  II.  pit  of  the  Reck- 
linghausen  colliery,  a  central  condensation-plant  has  been  in  operation  since 
August,  1898 ;  and  seven  months'  uninterrupted  working  permit  of  determin- 
ing the  amount  of  saving  effected,  and  also  the  economy  afforded  by 
central   condensation   in   general.        Tlie   plant  belongs   to  the   type   of   open 
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surface-condensers,  which  are  distingiiislied  by  the  circumstance  that  the 
series  of  pipes  that  act  as  condensers  are  laid  in  an  open  basin,  in  which  the 
water  for  cooling  laves  each  series  separately,  on  the  counter-current  principle, 
in  contradistinction  to  the  so-called  closed  condensers,  in  which  the  exhaust- 
steam  surrounds  the  series  of  water-tubes  laid  in  a  closed  cyclindrical  chamber; 
and  also  in  contradistinction  to  the  spray-condensers,  in  which  the  series  of 
pipes  are  cooled  by  trickling  water. 

The  exhaust-steam  of  the  engines  put  in  connexion  ^vith  the  condensation- 
plant  collects  in  the  common  pipe  that  leads  it  directly  to  the  condenser, 
which  consists  of  8  groups  of  pipes  placed  side  by  side,  and  each  group  com- 
prizing 110  brass  pipes,  16  feet  (5  metres)  long  and  1^  inches  (44  millimetres)  in 
diameter,  with  a  thickness  of  0-079  inch  (2  millimetres),  and  having  a  collective 
cooling-surface  of  8,073  square  feet  (750  square  metres).  The  condensate,  a 
mixture  of  air  and  water,  flows  by  gravity  into  the  deepest  receiver,  or  air- 
separator,  where  the  separated  air  is  taken  oif  by  a  pipe  connected  with  the 
upper  portion,  while  what  is  called  the  condensate-pump  draws  off  the  water 
by  a  pipe  connected  with  the  bottom  of  the  receiver,  and  forces  it  into  a 
large  chamber  situated  over  the  filter  for  purifying  the  water.  In  this 
chamber,  the  oil  is  separated  from  the  water,  which  is  then  completely  purified 
in  a  gravel-filter,  of  which  there  are  two,  so  that  one  can  be  cleaned  without 
interruption  of  the  working.  While  any  oil  still  remaining  is  retained  by  the 
gravel,  the  purified  water  flows  by  a  pipe,  fitted  with  a  strainer  in  the  floor 
of  the  filter,  into  a  collecting-chamber,  whence  it  is  admitted  by  a  sliding- 
valve  into  tlie  clean-water  reservoir  to  serve  for  feeding  the  boilers. 

The  above  arrangement,  however,  did  not  entirely  separate  the  oil,  so 
that  small  coke  was  substituted  for  the  gravel,  when  the  effluent  was  found  to 
be  far  clearer,  while  the  coke  could  still  be  employed  for  fuel,  whereas  the 
gravel  simply  went  to  increase  the  spoil-tip;  but  the  water  in  the  first  filter 
must  be  sufficiently  cooled  down  for  the  oil  to  be  separated  with  sufficient 
rapidity.  In  order  to  be  able  to  use  over  again  the  water  which  laves  the 
biass  pipes,  it  must  also  be  cooled  down;  and  it  is  accordingly  drawn  by  a 
pump  from  the  exit-portion  of  the  cooling-basin  and  forced  to  the  self- 
ventilating  graduation-building  some  distance  off,  which  is  di^dded  into  three 
compartments,  each  4-59  feet  (1'4  metres)  wide,  17-71  feet  (5-4  metres)  high 
and  197  feet  (60  metres)  long.  Directly  the  plant  was  brought  into  operation, 
however,  a  great  difficulty  presented  itself.  Owing  to  constant  evaporation, 
the  salt-content  of  the  mine-water  continually  increased,  because  a  portion  of 
the  water  in  dropping  from  the  graduation-house  is  carried  away  by  the  wind, 
exerting  a  destructive  action  on  vegetation,  which  it  was  attempted  to  remedy 
by  the  use  of  louvres.  The  cooled  water  flows  by  gravity  to  the  condensation- 
reservoir  before  again  beginning  its  cycle. 

The  plant  is  destined  to  deal  with  21  tons  of  steam  at  a  pressure  of  81 
pounds  per  square  inch  (5  to  6  atmospheres)  per  hour,  comprizing  that  of 
the  winding  and  pumping-engines,  the  air-compressor,  the  fan  and  electric- 
light  engines,  a  few  engines  for  driving  machine-tools,  and  lately  the  engine 
for  driving  the  brick-making  machines.  The  result  has  been  a  reduction  in 
the  quantity  of  coal  used  for  firing  the  boilers  from  1,9S3  to  1,681 -3  tons  or  .301 '7 
tons  per  month,  corresijonding  with  a  reduction  from  8-13  to  5-68,  or  of  2-45 
per  cent,  of  the  coal  drawn.  The  saving  is  really  greater  than  that  shown  by 
the  figures,  because  the  output  increased,  about  1,020  tons  having  been  raised 
daily  on  an  average  before  the  plant  came  into  operation,  and  l,lo9i  tons 
afterwards,  involving  a  larger  consumption  of  steam.  The  saving  of  feed- 
water  amounted  to  79,200  gallons  (360  ciibic  metres)  for  each  working  day, 
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effecting  an  economy  of  .£583  4s.  (11,664  marks)  per  annum,  and  thus  bringing- 
up  to  J2,473  4s.  (49,464  marks)  the  total  yearly  saving  in  fuel  and  feed-water 
together.  •*•  "  •  ^• 


CONVEYANCE  OF  COMPRESSED  AIE. 
Bi/  Prof.  Robert  Peel.      Minei  and  Minerah  [Scranton,   Pa.],  1S99,  vol.  xx., 
pacjen  135-136. 

lu  a  series  of  papers  dealing  with  the  subject  of  compressed  air,  the  writer 
remarks  that  whilst  for  short  distances  the  loss  of  pressure  during  transmis- 
sion may  be  considered  as  taking  place  according  to  the  recognized  laws  of 
fluids,  the  application  of  these  laws  becomes  somewhat  complex  for  long 
distances.  The  formulae  commonly  used  are  constructed  on  the  hypothesis 
that  the  loss  of  head  is  strictly  projjortional  to  the  length  of  the  pipe,  so  that 
if  a  certain  head  be  required  to  maintain  the  flow  of  a  given  quantity  of  air 
in  a  pipe  1,000  feet  long,  twice  this  head  would  suffice  for  a  pipe  2,000  feet 
long.  But  this  rule  fails  to  take  into  account  the  increase  of  volume  due  to 
reduction  of  pressure  or  loss  of  head.  When  the  air  has  passed  through  the 
first  1,000  feet,  head  has  been  lost  and  the  volume  thereby  increased,  and  a 
greater  head  will  be  required  to  pass  the  greater  volume  through  the  second 
1,000  feet.  The  author,  however,  points  out  that  by  far  the  greater  bulk  of 
pressure  is  lost  by  leakage  and  by  pipe-bends  of  too  small  a  radius.  With 
due  attention  to  these  points,  transmission-losses  may  be  reduced  to  a  very 
small  amount.  At  the  Hoosac  tunnel,  in  transmitting  875  cubic  feet  of  free 
air  per  minute,  at  an  initial  pressure  of  60  pounds,  through  an  8  inches  pipe, 
7.150  feet  long,  the  average  loss  of  pressure,  including  leakage,  was  only  2 
pounds.  In  driving  the  Jeddo  mining- tunnel,  at  Ebervale,  Pa.,  two  3 J  inches 
drills  were  used  in  each  heading  with  a  6  inches  main,  the  maximum  transmis- 
sion-distance being  10,800  feet.  This  pipe  is  so  large  in  proportion  to  the 
volume  of  air  (230  cubic  feet  of  free  air  per  minute)  required  for  the  drills 
that  the  loss  was  reduced  to  0-002  pound,  and  the  gauges  at  each  end  of  the 
main  were  found  to  record  practically  the  same  pressure. 

Each  bend  or  elbow  in  a  pipe-line  has  a  serious  retarding  effect.     For  the 

same  diameter  of  pipe  the  resistance  caused  by  a  bend  increases  as  the  radius 

of  the  curve  diminishes,  but  the  exact  relation  is  not  accurately  known.     In 

the  absence  of  sufiicient  experimental  data,  the  annexed  table  may  be  used:  — 

Resistance  of  Elbows  of  Different  Radii. 


Radius  of  elbow  in  terms  ofV      5 
diameter  of  pipe          . .        . .  /  1 

3 

2 

li 

( 

Equivalent  length  of  straight  pipe^ 
in  terms  of  its  diameter  which  ) 
would  offer  a  resistance  equal  j 
to  the  above-named  elbow        J 

7-85 

8-24 

9  03 

10-36 

12-72 

17-51 

35  09 

121-20 

X.  T.  Z. 


ELECTRIC  PLANT  AT  MONT-DORE. 
Nouvelh    Imtallation    Hydrodlectrique    du    Mont-Dore.      By    A.     Lavezzari. 
Memoires  de  la  Sociite  des  Inyinieurs   Civils   de   France,  1898,  vol.  Hi., 
pages  72-86. 

This  electric  plant  is  driven  by  hydraulic  power  from  the  Lake  of  Giicry, 
which  is  situated  about  6  miles  from  the  town.     A  masonry-dam  built  across 
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t.e  end  of  the  la.e  raised  f  ^^^^  :;:;^— ^^^  JS^'a  t^^S^ ^, 
inches  in  dian.eter,  0-16  .nch  t^^^^  ^^^^^^^^^^^^^^  i,  ,ed  to  three  turbines, 

yields  about  250  horsepo>ver.     At  ^^e  works  t    eontinuous  current  of  550  volts, 

coupled  direct  ^o  ^J^-^/^^^/'^fYo  tn 'Dore,  .^ere  the  current  is  reduced 
which  is  carried  by  a  double  cable  to  -Uont  uort,  ^^    ^^     ^ 

to  115  volts.     The  total  cost  was  £Q,2oO. 

UTILIZATION  OF  BLAST-FURNACE  GAS. 
Etat  actuel  de  la  Que..H..  de..  Moteur.    a    Ga.   de   Baut-Mrneau.      By  H. 
S.v.GE.     Revue  Uuiver^elle  de.  Mh^^.,  1899,  vol.  xlm  page..  1-16. 
^Yithout  detracting  from  the  merit  of  other  pioneers  in  the  utilization 

tn  utilize  the  power  of  blast-furnace  gases.     The  results  acquireu 
r«spicrcou,dU  tan  ,0  find  favour  wift  practical  engineer,,  but  thcr,  arc 
t.fni  some  adverse  opinions  as  to  a  few  points. 

VsTo  the  fear  of  the  cylinder  being  obstructed  by  dust  carried  along  with 
the  gas   it  may  be  replied  that,  with  properly-designed  motors,  t^e  -echanica 
cion  of  dust  is  pracLally  ..7,  for  the  fine  and  ^l-ost  impalpable  po^^^^^^ 
remains  suspended  in  the  gas  after  it  has  been  cooled  ^"^  ^^^^f^f  ^^^^^^^  ^^ 
the  larger  matters  carried  along,  has  no  time  to  deposit.     Again,  blast  furnace 
jas    uSike  coal-gas,  throws  down  on  cooling  no  bituminous  or  sticky  deposit. 
12  other  fear,  fha    t^iere  might  be  a  difficulty  m  igniting  blast-furnace  gas 
has  been  proved  by  practice  to  be  illusory;   but,  on  the  contrary,  the  use  of 
poor  "s  affords  se^eral  marked  advantages,  that  of  the  blast-furnace  especially 
b  in.  susceptible  of   a   greater  initial   compression   than   rich   gas,   sufficient 
indeed  to  insure  its  ignition  without  giving  rise  to  excessive  pressures. 

The  success  of  nfotors  working  with  blast-furnace  gas  can  no  longer  be 
called  in  question;   and  the  importance  of  this  conclusion  for  the  ^ro^--dus- 
iry  is  enormous.     Adopting  the  moderate  estimate  of  Mr.  Lurmann    that  1 
ton  of  pig-iron  is  accompanied  by  163,600  cubic  feet  (4,633  cubic  metres)  of  gas 
having  a  power  of  3,600  British  thermal  units  (906-5  calories),   each  ton  of 
pig  turned  out  affords  28  horsepower,  and  the  prospect  of  such  a  saving  as 
{his  implies  in  the  cost  of  producing  pig-iron  cannot  fail  to  commend  itself 
to  ironmasters,  who  ought  immediately  to  profit  by  the  advantages  offered 
Nothing  is  so   easily  transported   or  transmitted   as   gas,    and   this   remark 
applies  even  more  strongly  to  blast-furnace  than  to  lighting  gas      There  will, 
therefore,  be  nothing  extraordinary  if  blast-furnace  plants  m  the  future  are 
surrounded  by  works  deriving  from  them  the  necessary  motive  power;    and 
this  would  constitute  an  additional  source  of  profit  to  ironmasters. 


A  MODEL  AERIAL  ROPE-WAY. 

Viuiug  Lime.  Roclc  b>/  Ehdr kali n -operated  Cahle-ivays    in  Open-pit  Mining  at 
Rockland  and  RockpoH,  Maine.       By  Frank  B.  Wri.;ht.       Mine^  and 
Mineral.^  [Scranton,  Pa.],  1899,  vol.  xx.,  page..  1-4,   rcith  6  illmtrations. 
In  the  lime-producing  country  about  Rockland,  Maine,  the  rock  has  always 
been  quarried,  but  the  highest  grade  has  been  found  in  wide  veins  or  vertical 
scams,  with  the  result  that  most  of  ths  quarries  have  reached  a  great  depth. 
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several  being  300  feet  deep,  and  hoisting-appliances  have  been  in  use  for  many 
years.  As  a  result  of  the  vein-formation,  these  open-pit  mines  are  long  and 
narrow,  as  well  as  deep.  Up  to  100  feet  in  depth,  most  of  them  were  worked 
by  team-hanlage,  with  long  roads  descending  to  the  floor  of  the  pit.  After- 
wards, the  horse  was  replaced  by  steam-hoists  and  long-boom  derricks,  placed 
on  the  top-level,  and  commanding  large  sections  of  the  pit.  These  quarries 
are  located  at  considerable  distances  from  the  docks,  and  conditions  of 
economical  production  led  to  establishing  limekilns  directly  on  the  water's 
edge.  The  harbour  at  Rockland  affords  a  crescent-shaped  water-front,  and  the 
line  of  kilns  extends  in  a  curve  along  the  wharf-liUe.  The  transporting  of 
the  crude  rock  from  the  quarry  to  the  kilns  has  been  very  economically  solved 
by  a  standard-gauge  railroad  to  connect  all  the  large  quarries  with  these 
^vater-f^ont  kilns. 

The  development  of  long,  narrow  quarries  resulted  in  the  adoption  of  the 
horizontal  cableway  10  years  ago,  and  two  of  them  are  among  the  first  of 
long-span  cableways.  Both  were  equipped  with  the  old-fashioned  chain- 
connected  fall-rope  carriers,  and  installed  with  Lidgerwood  engines  and 
boilers.  One  cableway  has  a  clear  span  of  975  feet,  and  ordinarily  carries  a 
working  load  of  about  3  tons.  An  instructive  feature  about  this  plant  is 
the  use  of  a  2^  inches  diameter  cast-steel  cable  with  6  strands  of  19  wires,  a  size 
much  in  excess  of  that  apjiarently  demanded  by  the  load  and  span.  The 
resulting  record  of  long-continued  service  is  quite  remarkable  and  most 
interesting  as  a  testimony  to  the  value  of  an  extra  large  size  of  cable  for 
permanent  plant  in  mines.  The  second  cableway  has  a  span  of  about  850  feet, 
the  same  type  of  carriers,  but  the  main  cable  differs  in  being  a  1^  inches 
diameter  Elliot  locked-coil  wire-rope  instead  of  the  cast-steel  cable.  This 
smooth  trackway  has  greatly  reduced  the  sheave-repair  account,  as  one  set  of 
main-cable  carriage-sheaves  has  lasted  4  or  5  years  instead  of  as  many  weeks, 
or  at  tlie  most  months,  as  on  an  ordinary  cable  laid  up  in  strands.  Electricity 
has  now  replaced  steam  as  the  motive  power,  adding  to  convenience  of  opera- 
tion a  power  whose  cost  becomes  a  direct  function  of  the  actual  rock  hoisted, 
with  very  small  opportunity  for  waste. 

At  Eockport,  in  one  of  the  quarries,  the  highest  development  of  the  modern 
cableway  was  installed  over  a  year  ago.  The  cableway  has  a  clear  span  of  700 
feet  with  a  60  feet  head-tower  and  a  50  feet  tail-tower.  Both  towers  are  of  the 
familiar  four-post  type,  firmly  built  of  the  best  yellowpine  stock,  and  fitted 
with  hoods,  or  shelter-houses,  over  their  tops,  an  unusual  but  well-considered 
provision  for  the  protection  of  the  sheaves  and  cables  in  view  of  the  severity  of 
Maine  winters.  Embraced  within  the  base  of  the  head-tower  is  the  power- 
house, containing  all  the  machinery  for  operating  the  plant.  The  cableway 
is  operated  by  a  modern  electric  hoist.  The  experience  with  the  second  plant 
formed  a  suggestive  basis,  and  the  cable  adopted  was  a  If  inches  diameter 
smooth  locked-coil  rope  which,  with  the  usual  load  of  3  tons,  gives  a  very 
ample  factor  of  safety.  The  carriage  has  the  three-track  wheels. designed  so 
a-j  to  prolong  the  life  of  the  cable  by  distributing  the  load.  The  sheaves  have 
special  bushings  and  large  oil-chambers,  and  all  parts  of  tlie  cableway  were 
designed  to  handle  8  tons  with  ease,  more  than  twice  the  actual  load  requii'ed, 
with  the  probable  result  that  this  cableway  has  lohger  enduring  qualities  than 
any  hitherto  built.  The  familiar  button-stop  carriers  (Miller  jjatent)  have 
replaced  the  chain-connected  type  used  on  the  older  cableways  in  Rockland. 
The  author  points  out  at  considerable  length  the  enormous  advantages  pos- 
sessed by  the  newer  type  of  carrier.  It  is  but  one-fourth  of  the  weight  of  the 
older  type,  the  spacing  of  the  carriers  is  much  greater,  so  that  the  stress  on 
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the  cable  is  enormously  reduced,  hence  a  much  smaller  cable  suffices  when  the 
button-spaced  carriers  are  employed.  In  addition,  the  wear-and-tear  account 
is  vastlv  e^reater  in  the  case  of  the  chain-connected  carriers.  With  respect  to 
the  electric  hoist,  the  hoisting-drum,  41  inches  in  diameter  by  25  inches  face, 
and  the  narrow-faced  winch  traversing-drum  of  equal  diameter,  are  arranged 
on  the  same  shaft,  both  being  friction-drums  provided  with  the  ordinary 
friction  and  brake  levers.  These  drums  are  direct-connected  to  two  1,200 
volts  motors,  armoured  type,  and  the  entire  construction  of  drums,  gearing, 
motors,  levers  and  controller  is  compactly  placed  on  a  common  bedplate,  while 
the  packed  plate-resistances  are  concealed  in  the  bedplate.  While  one  motor 
at  500  volts  and  suitable  amperage  would  handle  the  usual  load  of  3  tons,  the 
advantage  of  the  doiible-motor  construction  is  secured  by  the  use  of  a  series- 
parallel  controller,  by  which  means  the  torque  and  speed  may  be  varied  so  as 
to  start  a  load  quickly  at  slow  speed  and  gradually  accelerate  to  full  speed. 
This  is  of  special  value  in  cablework,  where  by  its  aid  the  speed  of  traversing 
may  be  greatly  increased  over  tliat  of  hoisting.  This  electric  hoist  has  proved 
practically  noiseless,  very  easily  handled,  and  quick;  and  the  motors  run 
absolutely  cool  with  no  sign  of  heating.  The  power  is  furnished  at  a  lower 
figure  than  the  cost  of  the  coal  that  a  steam-hoist  would  consume.  The  ser- 
vices of  a  fireman  are  saved,  aad  the  reduction  in  repair,  and  ease  and  con- 
venience of  handling,  all  combine  to  produce  the  highest  economy.  The 
conditions  at  the  second  and  third  quarries,  respectively,  are  quite  the  same 
with  regard  to  incline  of  cable  and  load  handled,  and  the  electric  power  is 
furnished  under  the  same  circumstances.  Both  cables  are  locked-coil  ropes, 
affording  equally  smooth  trackways,  but  in  addition  to  the  diminshed  first  cost, 
and  the  less  cost  of  repairs  in  the  case  of  the  newer  plant,  the  fact  remains  that 
with  regard  to  the  even  more  important  item  of  power  consumed  in  the  daily 
operations,  the  older  plant  is  worked  only  by  an  exjienditure  of  power  which  ]8 
25  per  cent,  greater  than  that  absorbed  by  the  newer  plant  of  the  Shepherd 
Company.  X.  Y.  Z. 


CHECKING  MINEES  AT  WOEK. 

"  Die  3Iafk-enco7itrole,"  eingefiihrt  heim  Steinkohhnberghau  Heinriclhsglucl-Zeche  in 
Peterswcdd.  £?/ Richakd  Danilof.  Oesterreichische  ZdUchrift  fur  Berg- 
und  Hiittenwesen,  1897,  vol.  xlv.,  pages  172-173. 

A  new  system  of  checking  miners'  tallies  has  lately  been  introduced  in  a 
coal-mine  near  Peterswald  in  Bohemia.  To  each  miner  is  given  a  number 
corresponding  to  that  on  his  lamp,  and  this  number  is  entered  in  the  books. 
On  tlioir  arrival  at  the  shaft,  the  miners  each  receive  a  tally  pierced  with  a 
hole,  which  a  foreman  gives  them  out  of  a  box.  They  enter  the  cage  in  the 
order  in  which  they  have  come,  and  on  reaching  the  pit-bottom  they  give  up 
their  tallies  to  another  foreman.  Each  tally  as  it  is  returned  is  filed  in  the 
same  way  as  an  invoice.  When  the  shift  is  over,  the  file  is  turned  over,  and 
the  tallies  presented  in  the  reverse  order  for  redistribution,  thus  the  miner 
who  first  enters  is  the  first  to  leave  the  mine.  When  all  the  shift  have  gone 
down,  a  controller  enters  in  his  book  the  numbers  of  all  the  tallies  remaining 
in  the  box  at  the  top  of  the  shaft,  which  represent  the  miners  who  have  not 
descended.  To  some  of  these  tallies  others  of  different  kinds  are  now  affixed. 
For  instance,  if  a  miner  reports  himself,  but  does  not  go  down  the  shaft,  the 
tally  bearing  his  number  has  another  marked  U  (urlaui  or  leave)  attached  to 
it,  and  the  controller  writes  U  against  the  man's  number  in  his  book.     If  the 
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letter  K  (krank  or  sick)  is  affixed,  tlie  man  is  so  written  down.  All  tallies  not 
tlms  treated  are  marked  O  {o/iiie  urlaub  or  absent  without  leave).  Sometimes, 
if  miners  have  been  detained  abovegronnd  for  loading,  discharging,  etc., 
their  tallies  are  neither  in  the  box,  nor  liave  they  been  given  np  at  the  pit- 
bottom.  Hence  the  controller,  after  writing  down  the  number,  inquires  in 
the  laniiJ-room  whether  all  the  miners  whose  tallies  are  not  in  the  box  have 
gone  down.  If  their  lamps  are  still  there,  the  controller  then  traces  the 
whereabouts  of  the  men  abovegronnd.  As  the  overmen  and  foremen  have  also 
tallies,  the  names  of  all  in  the  mine  are  known,  and  this  is  very  important  in 
case  of  accidents.  "With  a  shift  of  230  men,  it  only  takes  J  hovxr  for  the  con- 
troller to  check  the  tallies. 

On  leaving  the  shaft,  the  miners  receive  their  tallies  back  and  deliver  them 
np  to  a  foreman  abovegronnd,  who  immediately  hangs  them  np  in  order  in  the 
office,  and  thus  it  is  known  whether  all  the  men  of  a  shift  have  come  up.  If  any 
tallies  are  missing,  search  is  at  once  made  for  the  corresponding  man  in  the 
pit,  and  a  simple  means  is  thiis  afforded  of  checking  the  movements  of  a  large 
body  of  men.  There  is  also  much  less  delay  in  sending  the  miners  down  than 
formerly,  because  it  is  not  necessary  first  to  take  down  their  names.  It  is 
even  to  their  interest  to  descend  as  quickly  as  possible,  because  if  they  are  the 
first  to  go  down  they  will  also  come  up  first. 

The  miners'  book  is  made  up  by  the  head  foreman,  who  is  alone  responsible 
for  the  distribution  of  the  men  in  the  different  pits.  If  a  miner  is  reported 
absent  from  a  pit  by  his  overman,  the  foreman  will  know  to  which  shaft  he 
has  been  sent.  As  it  takes  only  ^  hour  to  get  the  miners  into  the  pit,  they 
are  not  rec[uired  to  come  quite  as  early  as  formerly.  By  degrees  they  get  into 
the  way  of  leaving  their  work  in  the  mine,  and  presenting  themselves  at  the 
shaft  at  the  right  time,  as  they  know  pretty  well  the  order  in  which  they  have 
come. 

The  system  worJi^  well,  ensures  order  and  discipline  among  the  men,  and 
i:;  is  said  that  difficulties  and  complications  are  avoided.  B.  D. 


ANKTLOSTOMASIA,  OR  MINERS'  ANEMIA. 

N'ote  .snr  rAnkylostoma-n",    Maladie    Parasitaire   des   Mineurs.     By   Dr.    Ch. 
R(ERSCH.     Revue  Universelle  des  Minex,  1899,  vol.  xlv.,  pages  59-72. 

The  duodenal  ankylostoma  is  one  of  the  most  formidable  parasites  that 
can  attack  the  human  organism,  attaching  itself  to  the  mucous  membrane, 
poisoning  the  system,  and  abstracting  so  miich  blood  that  death  may  ensue 
after  symptoms  of  profound  anaemia.  The  conditions  favoiirable  to  the 
development  of  the  ova  and  larvae  are  a  damp  medium,  the  absence  of  light, 
and  a  temperature  of  about  81i°  Fahr.  (25°  to  30°  Cent.),  conditions  which 
especially  obtain  in  mines,  while  a  higher  or  a  lower  temperature  prevents 
the  ova  from  arriving  at  maturity. 

The  first  symptoms,  which  appear  about  6  weeks  after  the  ingestion  of  the 
larvae,  comprize  troubles  of  the  digestive  organs,  accomjianied  by  epigastric 
pain  and  oppression,  followed  by  serious  anaeinia,  paleness  of  countenance, 
diminution  of  power,  perspiration  on  the  least  effort,  vertigo,  syncope,  palpi- 
tation and  a  feeling  of  suffocation.  Fortunately  the  diagnosis  is  easy,  being 
limited  to  microscopic  examination  of  the  dejections  for  tracing  the  ova;  and 
the  treatment  consists  in  repeated  administration  of  the  ethereal  extract  of 
the  male  fern,  spontaneous  recovery  being  rare,  if  indeed  it  be  possible. 
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This  parasite  was  discovered  in  1838  by  Dr.  Dubini;  and  in  1880  Dr. 
Perroncito  showed  that  the  special  form  of  anaemia  which  attacked  the  work- 
men driving  the  St.  Gothard  tunnel  was  of  parasitic  origin.  In  1885,  Drs. 
Francotte  and  Masius  found  the  ankylostoma  in  the  collieries  of  the  Liege 
district,  Mr.  Van  Beneden  in  that  of  Mons,  and  Mr.  Mayer  in  that  of  Aix- 
la-Chapelle,  while  in  Bavaria  there  was  quite  an  epidemic  of  ankylostomasia. 
A  few  years  ago,  the  Brennberg  colliery  in  Hungary  was  free  from  this 
malady;  but  quite  recently  80  per  cent,  of  the  workmen  were  attacked,  so 
that  it  is  high  time  to  take  measures  against  its  propagation  and  to  apply 
them  energetically. 

A  colliery  becomes  infected  by  the  dejections  of  workmen  suffering  from 
the  disease;  and  in  a  few  days  an  innumerable  number  of  larvae  are  developed. 
By  walking  in  the  infected  matters  the  men  disseminate  them  and  deposit  the 
larvae  in  the  mud,  while  the  water  becomes  contaminated;  and  the  mud  and 
water,  containing  the  larvae,  by  soiling  the  shoes,  clothes,  tools,  timbers,  and 
therefore  the  men's  hands,  multiply  the  causes  of  infection.  If  their  fingers 
are  dirty,  the  men  may  very  easily  carry  to  their  mouth  a  few  larvae  while 
eating,  wiping  the  face,  etc.  If  only  2  or  3  workmen  are  taken  ill  the  dis- 
semination of  the  ova  and  larvae  may  proceed  rapidly.  In  the  Dortmund 
mining  district,  out  of  56,870  workmen  at  38  collieries,  275  were  found  to  be 
suffering  from  ankylostomasia;  but  in  many  mines  employing  more  than 
2,000  men  only  one  was  found  to  be  attacked. 

In  the  case  of  mines  already  infected  the  following  measures  are  calculated 
to  prevent  the  infection  from  extending  to  fresh  cases :  — 

(1)  The  mine  should  be  cleansed  as  far  as  possible,  and  the  timbering,  if 
damp,  white-washed. 

(2)  A  knowledge  of  the  malady,  its  main  symptoms  and  its  dangers,  as 
well  as  of  all  preventive  measures,  should  be  disseminated  among  the  men  by 
all  possible  means. 

(3)  Portable  sanitary  aiDpliances,  with  well-fitting  covers  and  ample 
provision  of  antiseptic  powder,  should  be  provided  at  convenient  places 
underground,  and  the  workmen  strictly  enjoined  to  use  them  exclusively. 

(4)  The  workings  should  be  maintained  in  the  highest  possible  state  of 
cleanliness. 

(5)  The  workmen  should  be  enjoined  to  raise  their  fingers  to  the  mouth 
as  little  as  possible,  holding  their  food  by  the  clean  paper  in  which  it  was 
'wrapped. 

(6)  Clean  water  for  washing  should  be  provided  in  abundance. 

J.   W.    P. 


EXPLOSION   OF  DYNAMITE   IN   EJMBEELEY   MINE. 

Eleventh  Annual  Report  of  the  De  Beers  Consolidated  Minr-s,  Limited,  for  the 
Tear  ending  June  ZOth,  1899,  pa^e  7. 

An  explosion  of  dynamite  occurred  in  the  magazine  in  the  Kimberley 
mine  on  June  9th,  1899,  at  9.5  a.m.  on  the  1,480  feet  level.  One  white  man 
and  29  natives  were  killed  or  died  from  the  effects  of  injuries  received.  Nine 
white  men  working  on  the  1,480  and  1,440  feet  levels  were  more  or  less  severely 
injured,  and  a  number  of  others  were  affected  by  the  dynamite  fumes. 

The  magazine  contained  255  pounds  of  dynamite,  together  with  one  or 
two  boxes  of  detonators:  this  quantity  being  a  24  hours'  supply.  Five  cases 
of  the  dynamite  were  placed  in  the  magazine  about  40  minutes  i^rior  to  the 
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time  when  the  explosion  occurred.  The  magazine,  constructed  of  wood,  was 
situated  in  one  of  the  offsets,  and  contained  three  boxes,  one  for  dynamite, 
one  for  detonators,  and  the  third  for  candles.  The  outside  door  was  painted 
red  to  denote  the  dangerous  nature  of  the  contents,  and  was  kept  locked.  The 
explosive  and  fuses  were  carried  about  the  mine  in  separate  boxes,  so  that 
they  should  not  be  brought  in  contact  before  being  used.  There  had  been  no 
blasting  in  that  part  of  the  mine  for  a  considerable  time  before  the  explosion 
occurred. 

The  damage  to  the  mine  was  immaterial.  About  175  feet  of  timbering 
in  one  of  the  main  tunnels,  and  89  feet  in  another  tunnel  were  destroyed.  It 
was  suggested  that  by  some  means  the  dynamite  was  set  afire  and  that  after 
burning  for  a  short  time  it  had  exploded.  The  temperature  of  the  mine,  on. 
the  day  following  the  explosion  was  73°  Fahr. 

M.  W.  B. 
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The  firm  top  line  is  the  Barometer  reading  at  Kew,  taken  at  4  a  m.,  10  a.m.,  4  p.m..  and  iO  p.m. 

The  dotted  lop  line  is  the  Baromeier  reading  at  Glasgow,  taken  at  4  a.m..  10  a.m.,  4  p.m.,  and  JO  p.m. 

The  lower  lines  ar^  the  Maxima  and  Minima  Temperatures  at  Kew  and  Glasgow,  observed  respectively  at  midnight  and  i 
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The  figures  attached  to  the  districts  shew  the  Number  of  Deaths  cautfd  by  the  Explosions. 
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APPENDICES. 


-NOTES  OF  PAPERS  ON  THE  WORKING  OF  MINES,  METALLURGY, 
ETC.,  FROM  THE  TRANSACTIONS  OF  COLONIAL  AND  FOREIGN 
SOCIETIES  AND  COLONIAL  AND  FOREIGN  PUBLICATIONS. 


THE  FORMATION  OF  COAL. 
Sur  Its  Maravi  Tourheiix  aux   Ejjoque.'i  Primaires.      By  B.  Renault.      Bidletin 
du  2hi-ieu7nd' Hi-it oire  JVafureUe,  1900, /vetoes  44,  48  aiul  202,  u-ith  Jigtires  in 
the  text. 

In  this  paper,  dealing  with  the  peaty  marshes  of  Palaeozoic  times,  the 
author  points  out,  first  of  all,  that  the  fermentation  of  plant-remains  at  that 
remote  epoch  did  not  necessarily  result  in  the  formation  of  coal.  He  refers 
in  this  connection  to  the  remarkable  layer  of  fossil  charcoal  at  Tovarkowo  in 
the  Lower  Culm  of  the  Moscow  basin;  this  is  entirely  made  up  of  cuticles 
belonging  to  Bothrodcndron-stem.s  interpenetrated  with  ulmic  acid.  No  part 
of  the  cellular,  ligneous,  or  cortical  tissues  of  those  arborescent  Lycopodiaceae 
has  been  in  this  instance  converted  into  coal,  despite  the  enormous  number  of 
Bacteriaceae  still  found  adhering  to  the  more  or  less  corroded  cuticles. 

Some  of  the  Palaeozoic  marshes  were  invaded  by  siliceous  waters  which, 
petrifying  the  plants  in  various  stages  of  decomposition,  preserved  them  m 
the  state  (structurally)  in  which  they  were  at  the  time  of  the  inflow.  This 
was  of-  frequent  occurrence  in  what  are  now  the  coal-fields  of  Autun,  St. 
Etienne,  etc.  So  the  author  figures,  for  comparison,  microscopic  sections 
of  Palaeozoic  silicified  peat  and  recent  peat.  The  resemblance  is  striking; 
the  minute  state  of  division  of  the  vegetable  organisms  in  both  cases  is  the 
result  of  the  action  of  microbes  on  membranes  which  are  common  to  ancient 
and  to  recent  plants.  It  is  true  that  in  the  silicified  peat  some  debris  are 
altered  into  a  black,  often  opaque,  substance  similar  to  coal.  This  is 
explicable,  if  it  be  remembered  that  on  the  plants  in  the  ancient  marshes 
settled  vast  hordes  of  various  Bacteriaceae,  some  of  which  broke  down  the 
plant-tissues  without  producing  coal,  while  the  action  of  others  gave  rise  to 
its  production. 

It  seems  probable  that  the  coal-producing  Bacteriaceae  were  scarce  in,  or 
entirely  absent  from,  the  shallow  lakes  or  swamps  rich  in  ulmic  matter 
wherein  the  boghead  and  the  cannel  of  the  Moscow  basin  were  formed  and 
the  Tovarkowo  cuticles  were  accumulated;  these  lay  in  the  heart  of  a  con- 
tinent but  little  exposed  to  denuding  agencies.  The  coastal  marshes  on  the 
other  hand,  the  trackless  swamjjs  of  the  great  river-deltas,  wherein  the  coal- 
producing  Bacteriaceae  would  develop,  were  exposed  to  freqiient  fioods;  and 
plant-remains  (in  a  more  or  less  minute  state  of  division)  were  swept  out  into 
lakes  and  estuaries,  where  the  anaerobic  (non-air  breathing)  Bacteriaceae, 
favoured  doubtless  by  deeper  waters,  completed  the  conversion  into  coal. 
With  this  sequence  of  events,  moreover,  is  connected  the  frequent  occlusion 
within  the  mass  of  the  coal  of  methane  (or  marsh  gas)  and  carbon  dioxide. 
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As  a  proof  that- such  plaut-remains  lay  for  a  time  in  swamps  before  they 
were  swept  out  into  the  lakes  and  estuaries,  the  author  figures  a  completely 
carbonized  fossil  wood,  contaiuiug  the  mycelia  of  saprophytous  fungi  analogous 
to  those  which  occur  in  the  wood  found  in  peat-ho^s. 

The  author  appends  a  short  note  confirming  the  foregoing  conclusions,  and 
erecting  two  new  species  of  bacteria:  Bacillu,  colhtus  and  Streptothryx 
anthracis,  which  occur  in  "  coalified  wood."  as  he  terms  it  L  L   B 


FOSSIL   SEA-WATER    IN   THE    COAL-MEASUEES 
Salz.a.^er   im  Cc.-l>on.      By  Dk.    Cakl   OcHSENirs.      Zeit^chrift  far  Prakti^che 
Ireo/oyit,  1901,  vol.  vs..,  pages  19-20. 
The  author  aims  chiefly  at  controverting  the  general  spirit  of  the  con- 
clusions arrived  at  by  Prof.  Gosselet,  in  his  paper  on  saline  waters  in  the 
Carboniferous  and  other  strata  of  Northern  France  (read  before  the  Eighth 
International    Geological    Congress   held   at    Paris   in    August   1900).        Irof 
Gosselet  appealed  to  the  evidence  of  level,  as  destructive  of  the  hypothesis  of 
the  ongm  of  such  waters  by  infiltration  from  ancient  or  modem  seas 

The  present  author  begins  by  pointing  out  that  nearly  all  the  salt  that 
exists  IS  primarily  derived  from  the  sea,  even  going  as  far  back  as  the  boiling- 
hot  oceans  of  the  Laplace  theory.  There  are  plenty  of  saline  waters  on  the 
face  of  the  globe  far  above  sea-level,  many  of  them  of  very  recent  origin. 
The  enormous  rock-salt  deposits  in  the  Andes  lose  some  of  their  mass  by 
solution,  and  the  briny  waters  percolate  downwards  into  lower  beds 

Eefernng  to  the  presence  of  borate  of  soda  in  the  coal  of  the  Ferrouillet 
colliery,  Belgium,  the  author  notes  that  when  in  a  typical  barred  gulf  (or  such 
an  one  as  that  of  Kara  Bugas)  the  evaporating  sea-water  deposits  gypsum  and 
rock-salt,  the  mother-liquors  which  remain  contain  borates.  Even  if  these 
waters  sometimes  regain  access  to  the  ocean,  they  leave  pools  in  the  hollows 
of  the  anhydrite  crust  of  the  barred  gulf,  and  ultimately  the  contents  of  these 
pools  percolate  through  the  underlying  rocks.  Borates  may  thus  in  places 
so  strongly  impregnate  the  soil  that  the  plants  which  do  contrive  to  vegetate 
there,  perforce  take  up  boracic  salts  in  their  tissues.  So,  if,  in  Coal-measure 
times,  the  plants  found  in  the  strata  of  the  Ferrouillet  colliery  had  grown 
on  soil  which  was  the  site  of  a  mother-liquor  pool  such  as  those  described 
the  ligneous  tissues  became  necessarily  filled  with  boracic  salts.  Nor  did  the 
driftwood  give  these  salts  up  as  it  floated  out  into  the  Coal-measure  lake  or 
lagoon,  and  sank  later  to  the  bottom  to  slowly  carbonize  into  coal 


L.  L.  B. 


SEISMOGRAPHIC    INSTRUMENTS    AND   ATMOSPHERIC 
PERTURBATIONS. 
Gli  Stnimenti  Sismici  e  h  Perturhazioni  Atmosferiche.      By  G.    Agamennone. 
Atti  delta  Reale  Accademia  dei  Lincei,  series  5,  RtmUronti,  1900    vol    ix  ' 
pages  30S-S\ 3.  '        '    ' '' 

The  author  had  long  been  persuaded  that  the  tromometer  or  seismographic 
pendulum  is  considerably  affected  by  whatever  wind  happens  to  be  prevailing 
He  compared  during  five  months  the  mean  diurnal  motions  of  the  tromometer 
with  the  mean  velocities  of  the  wind  at  the  observatories  of  Catania  Mineo 
Rocca  di  Papa,  Florence  and  Spinea  di  Mestre,  and  the  conviction  thus 
attained  was  confirmed  by  his  own  experience  from  August,   1899,  onwards 
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Trom  that  date,  lie  has  been  director  of  the  Geodynamic  Observatory  at  Rocca 
di  Papa,  and  has  made  continuous  observations  on  the  tromometers  erected 
there  by  the  late  Prof.  Etienne  de  Rossi.  These,  although  suspended  to  the 
central  shaft  of  the  seismic-pillar,  which  is  based  on  the  live  rock  and  quite 
independent  of  the  walls  of  the  building,  are  undoubtedly  affected  by  the 
wind.  In  the  case  too  of  some  electric-contact  tromometers,  when  the 
weather  turns  bad,  the  author  finds  it  advisable  to  diminish  their  sensitive- 
ness by  increasing  the  distance  between  the  platinum  contacts. 

On  June  10th,  1900,  a  thunderbolt  fell  on  the  house  occupied  by  the 
observatory  ofiicials  at  Rocca  di  Papa,  and  the  effect  of  the  electric  discharge 
was  registered  by  various  seismographic  instruments: — the  Agamennone 
seis2uoscope  and  photochrouograph,  the  Brassart  seismometrograph,  and  the 
horizontal  pendulum. 

The  author  remarks  ou  the  enormous  progress  made  of  late  years,  in 
point  of  delicacy  and  accuracy,  in  the  manufacture  of  seismographic  instru- 
ments, and  appears  to  believe  that  the  tromometer  has  definitely  lost  the 
supreme  position  which  it  once  occupied  among  such  instruments. 

L.  L.  B. 


THE  NATURE   OF  EARTH-WAVES. 

JSur  fa  Nature  des  Vibrations  Sismiques.  By  P.  Rudzki.  Bolhttino  clella  Societa 
Sismologica  Italiana,  1900,  i-ol.  vi.,  4  pages. 
The  author  does  not  believe  in  the  existence  of  the  supposed  distinction 
between  longitudiual  and  transverse  earth-waves,  or  in  other  words,  between 
waves  of  dilatation  and  waves  of  torsion.  The  distinction,  valid  though  it 
be  in  the  case  of  an  isotropic  elastic  medium,  cannot  be  jDostulated  of  so 
essentially  anisotropic  a  medium  as  that  formed  by  the  various  rocks  which 
go  to  make  up  the  earth's  crust.  Further,  although 'nothing  positive  is 
known  as  to  the  physical  constitution  of  the  deeper-lying  mass,  all  the 
probabilities  are  against  its  possessing  the  same  elasticity  in  every  direction. 
This  leads  to  the  conchision  that  seismic  undulations  are  neither  piirely 
dilatational  nor  purely  torsional,  and  that  the  vibrations  are  neither  ex- 
clusively longitiidinal  nor  exclusively  transverse.  L.  L.  B. 


EARTHQUAKES  IN  THE  YOGTLAND,  PRUSSIAN  SAXONY. 
J)ie    Vogtlandischeii  Erdhthenschwdrme  icdhrend  des  Jvli  und  des   August,   1900. 
By     Hermann     Credneb.       Sitzungsberichte    der    Koniglich    Sachsischeu 
Gesdlschaft    der     Wissenschaften,    Leijjzig,     1900,    pages    155-177,    vith    a 
table  and  4  maps. 
The   Vogtland   is    known   as    a    district    chronically    afflicted    with    earth- 
tremors,    and    in   the    autumn    of    1897    shocks    were    recorded    there    for    37 
consecutive  days.       But  this  record  was  eclipsed  in  the  summer  of  1900;    a 
period  of  earth-tremors  began  on  July  1st,  and  terminated  only  on  August 
21st,  or  52  days  in  all.       It  is  true  that  none  of  the  shocks  observed  last  year 
were  as  violent  as  the  most  considerable  shocks   of   1897,   and  the   area   of 
seismic  activity  was  correspondingly  less  extensive. 

The  52  days  period  is  really  made  up  of  two  distinct  periods,  separated  by 
-a  pause  in  the  tremors  of  about  7  days  (from  July  11th  to  July  18th).  In 
each  case  there  was  a  kind  of  prologue  of  subterranean  muttering  and 
rumbling,  followed  by  a  series  of  shocks  increasing  daily  in  number  and 
"varying  in  violence  until  they  culminated  in  one  or  two  maximum  shocks. 
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Thenceforward  the  tremors  decreased  more  or  less  fitfully,  and  the  close  of 
the  earthquake  period  was  marked  by  a  slight  shock  with  an  accompaniment 
of  subterranean  rumbling.  These  tremors  were  traced  to  two  different  foci, 
about  12  miles  apart;  the  most  pronounced  of  the  two  proved  to  be  the 
Graslitz-Eibenberg-Uutersachsenberg  area,  in  the  south-east  of  the  Vogtland 
(it  had  been  the  epicentrum  of  the  greatest  shocks  in  1897).  The  less  pro- 
nounced epicentrum  lies  in  the  extreme  southern  corner  of  the  Vogtland,  in  the 
area  between  Brambach-Schonberg  and  Asch.  On  former  occasions  these  two 
centres  of  seismic  phenomena  did  not  show  coincidence  of  activity;  for  twenty 
years  before  1897,  for  instance,  there  were  numerous  local  earthquakes  in 
and  about  Brambach,  while  the  remainder  of  the  Vogtland  was  undisturbed. 
In  1900,  however,  so  soon  as  the  shocks  starting  from  the  Graslitz  epicentrum' 
had  reached  their  maximum  intensity,  they  appeared  to  induce  the  Brambach 
epicentrum  to  give  rise  to  concurrent  vibrations.  For  a  time  the  two  areas- 
appeared  to  merge  their  tremors  in  one,  recurring  later  on  to  their  jaristine 
independent  seismicity. 

To  a  similar  circumstance  may  be  attributed  the  curious  sporadic  shocks  and 
subterranean  noises  recorded  at  certain  peripheral,  outlying  localities  not 
included  within  the  isoseismal  areas.  It  is  evident  that  during  the  whol& 
period  of  tremors  the  effect  of  the  seismic  activity  was,  at  localities 
tectonically  predisposed  thereto,  in  a  region  so  split  up  by  fissures  and  faults- 
as  the  Vogtland,  to  induce  underground  "  settling  and  sagging  "  of  the 
strata,  thus  giving  rise  to  what  may  be  termed  "  relay-"'  or  accessory  earth- 
quakes. 

The  very  useful  table  at  the  end  of  the  paper  summarizes  all  the 
important  data  collected  in  regard  to  the  Vogtland  earth-tremors  of  1900. 

L.  L.  B. 


THE  EARTHQUAKES  OF  TEIPOLIS  AND  TRIPHYLIA,  GREECE. 

Die  Erdbebtn  von  Tripolis  und  Triphyha  in  den  Jahren  189S  und  1899.  Bi/ 
Prof.  C.  Mitzopulos.  Petermanns  Mittheilnngen,  1900,  rol.  xivi,,  pac/es 
277-284,  with  jjlaiis  in  the  text. 

"With  respect  to  the  Tripolis  earthquake,  which  took  place  on  June  2nd, 
1898,  the  author's  investigations  have  convinced  him  that  it  was  due  to 
subterranean  landslides,  caused  by  the  falling-in  of  the  caverns  which  are 
eaten  out  by  imderground  waters  in  the  limestones  of  which  the  district 
consists.  The  shock  travelled  to  Rome  at  the  rate  of  2,580  feet  per  second, 
but  to  Zante  only  at  the  rate  of  870  feet  per  second;  and  this  diminished  speed 
is  perhaps  attributable  to  the  great  depth  of  sea  (1,600  feet)  between  Tripolis 
and  Zante. 

Triphylia,  a  fertile  province  stretching  along  the  western  coast  of  Pelo- 
ponnesus, belongs  to  a  region  which  has  frequently  been  devastated  by 
earthquakes,  and  the  shock  of  1899  was  really  a  continuation,,  a  sort  of  dying 
spasrn,  of  the  great  catastrojjhe  of  1886.  Many  villages  were  completely 
destroyed,  though  fortunately  without  loss  of  life.  On  January  22nd,  1899, 
on  a  fine  winter's  day,  at  9'o3  a.m.,  two  very  strong  undulatory  shocks  were 
felt  at  Kyparissia,  travelling  from  south-west  to  north-east,  lasting  each 
about  15  seconds,  and  setting  the  church-bells  ringing.  Between  that  time 
and  the  evening,  16  more  shocks  took  place.  After-shocks  went  on  until 
February  12th.  It  is  noticeable  that  buildings  whose  foundations  are  laid 
on  solid  rock  have  not  suffered  so  much  as  those  built  on  the  comparatively 
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loose  Tertiary  beds.  This  is  further  well  shown  on  the  author's  geological 
map  of  the  region;  the  destructive  effects  of  the  earthquake  are  seen  to  be 
practically  confined  to  the  areas  of  newer,  looser-textured  strata  (Xeogene), 
while  the  older  limestone  and  hornstone  areas  are  unaffected.  All  the 
indications  point  to  the  epicentrum  of  the  earthquake  as  being  situated  in 
the  Ionian  Sea,  about  25  miles  off  the  Peloponnesian  coast,  and  the  central 
focus  was  about  45  miles  below  the  sea-bottom  (calculating  according  to 
Mallet's  method).  The  velocity  of  travel  of  the  earth-tremors  as  far  as  Rome 
is  reckoned  at  3,786  feet  per  second.  L.  L.  B. 


THE  GREAT  EARTHQUAKE  IN  NORTHERN   HONSHU,   JAPAN. 

Das  grosst  Japanische  Erdhehen  im  Xordlichtn  Honshu  am  .31  Ainju-ft,  1896.  Bi/ 
Dr.  N.  Yamasaki.  Petermanns  Mittheilungen,  1900,  voJ.  .rlri.,  pages 
249-255,  irith  diagratru  in  the  text  and  1  Tnap. 

It  was  in  June,  1896,  that  the  great  tidal  wave  wrought  disaster  on  the 
Kitakami  coast  in  northern  Japan,  sweeping  into  eternity  22,000  human 
beings.  A  bare  2  months  after  this  appalling  catastrophe,  on  the  afternoon 
of  August  31st,  1896,  a  violent  earthquake  laid  waste  the  provinces  of 
Rikushu,  Uzen,  Ugo  and  Mutsu,  and  1,000  persons  suffered  in  life  or  limb. 
The  author  was  sent  by  the  earthquake  committee  of  the  Imperial  Japanese 
Government  to  investigate  the  occurrence  in  detail,  and  the  memoir  now 
published  embodies  the  results  of  this  investigation. 

The  first  gives  a  brief  topographical  and  geological  descrijjtion  of  the 
epicentral  region,  and  a  full  table  of  times  and  intensities  of  the  shocks 
recorded  from  various  localities.  He  remarks  that  preliminary  shocks  are 
not  usually  felt  in  Japan  in  the  case  of  a  great  earthqviake,  but  in  this 
instance  there  were  premonitory  shocks  on  August  23rd,  and  slight  tremors 
continued  for  several  days  thereafter  up  to  the  moment  of  the  principal 
earthquake;  the  warning  thus  conveyed  accounts  for  the  comjsaratively 
small  loss  of  life. 

Magnetic  disturbances  were  recorded  from  midnight  of  August  29th, 
onward,  reaching  their  maximum  about  33  hours  before  the  great  shock. 
After-shocks  were  very  numerous :  thus,  at  Morioka,  about  19  miles  from  the 
eastern  fissure,  149  shocks  were  counted  within  37  hours  following  on  the 
principal  earthquake.  At  Akita,  28  miles  distant  from  the  great  fissure  at 
Rokugo,  146  after-shocks  were  counted  within  a  fortnight. 

The  originating  cause  of  the  earthquake  has  been  traced  by  the  author  to 
two  long  lines  of  fracture  which  run  parallel,  one  on  either  side  of  the  main 
axis  of  the  central  mountain-range  of  Japan:  the  outer  walls  of  these 
fractures  were  found  to  have  sunk  by  several  feet.  To  the  eastern  fissure 
the  author  applies  the  name  of  the  Kawafune  fissure,  and  to  the  western  that 
of  the  Senya  fissure;  the  former  is  about  9^  miles  long,  the  latter  as  much  as 
37  miles  long.  Now,  in  1894,  a  disastrous  earthquake  took  place  in 
northern  Japan,  which  was  traced  back  to  a  line  of  dislocation  known  as  the 
Yadaresawa  fault;  there  is  no  doubt  about  the  existence  of  a  close  relation- 
ship between  this  older  dislocation  and  the  Senya  fissure — in  point  of  fact, 
the  latter  turns  out  to  be  a  prolongation  of  the  former. 

The  Honshu  earthquake  of  1896  corresponded  (in  the  Akita  and  Iwate 
districts)  to  an  intensity  of  8  to  10  in  the  De  Rossi-Forel  scale.  The  farthest 
place  at  which  shocks   were  felt  was   Sakai,   near  Matsue,   on   the  Japanese 
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Sea,  about  500  miles  south-west  of  the  epicentrum,  but  the  tremors  were 
registered  by  the  Eebeur  horizontal  peudulum  as  far  away  as  Strasburg  in 
Alsace,  and  Eouie,  Rocoa  di  Papa,  Ischia  and  Catania. 

Besides  opening  up  the  great  fissures,  the  earthquake  caused  several 
landslides;  valleys  were  bestrewn  with  fallen  rock-masses  and  dammed  up 
streams  were  turned  into  lakelets.  As  usual,  the  seismic  disturbance  was 
greater  in  the  lowland  plains  than  on  the  flat  plateaux.  In  various  localities 
in  the  plains,  the  sand  and  mud  mixed  with  water  squeezed  out  of  small 
fissures,  has  formed  little  conical  hillocks.  Some  thermal  springs  diminished 
in  volume  or  ceased  entirely,  while  at  Sengantoge,  a  new  spring  made  its 
appearance.  L.  L.  B. 


CHEOME  lEON-ORE  OF  KRATJBAT,  UPPEE  STYEIA. 

Btitrag  zur  Genesis  der  Chromeisenei-zkujerstdtte  bei  Krauhat  in  Ober.-'feiermm-k. 
By  Db..  Franz  Ryba.  Zeitschri/t  fiir  Praktische  Geologie,  1900,  vol.  viii,, 
pages  337-341,  irithjigures  in  the  text. 

This  paper  is  mainly  concerned  with  the  confirmation  of  Prof.  Vogt's 
hypothesis,  based  on  the  observations  made  by  him  in  the  Hestmando  and 
Eoros  chromite-mines  of  Norw-ay,  that  the  chrome  iron-ore  which  occurs  in 
eruptive  peridotites  or  in  the  serpentines  derived  from  them  is  a  iDrimary 
product  of  magmatic  differentiation. 

The  Kraubat  ore  occurs  in  a  rock  whose  priucijjal  constituents  are  olivine 
and  chromite,  and  the  rock  is  therefore  properly  a  dunite.  One  of  the  author's 
colleagues  at  the  Mining  School  of  Pribram  made  a  chemical  analysis  of  the 
ore  showing  that  it  is  not  an  absolutely  pure  chromate  of  iron  (Fe  CrjOj), 
the  percentages  are:  Silica,  4"3;  magnesia,  9-7;  cobalt  oxide,  6"4;  ferrous 
oxide,  91;  alumina,  137;  and  chromium  sesquioxide,  562.  The  chrome  iron- 
ore  is  scattered  about  irregularly  in  the  dunite,  generally  in  the  form  of 
more  or  less  rounded  octahedra.  L.  L.  B. 


lEON-ORE  DEPOSITS  OF  THE  STUBAI  VALLEY,  TTEOL. 

Ueber  ein  Eisenerz-Vorkommen  im  Sttihaithale.  By  J.  Blaas.  Zeitschrift  fur 
Praktische  Geologie,  1900,  vol.  viii.,  pages  369-370,  irith  a  section  in  the  text. 

Along  the  line  of  the  Brenner,  Triassic  dolomites  and  limestones  are  seen 
to  overlie  unconformably  the  folded  mica-schists  of  the  Stubaierstock :  they 
really  fill  an  old  basin  eroded  in  the  schists,  and  at  the  base  of  the  dolomites 
occur  frequently  bands  of  conglomerate,  sandstone  and  quartzite,  sometimes 
so  highly  charged  with  iron  that  they  would  repay  working.  An  attempt 
was  made  so  long  ago  as  1831,  but  the  difficulties  of  transport  appear  t(fliavc 
been  the  determining  cause  of  the  abandonment  of  the  enterprise:  now,  how- 
over,  that  a  light  railway  is  about  to  be  constructed  from  Innsbruck  into  the 
Stubai  valley,  the  economic  conditions  are  more  favourable. 

The  author  states  that  experimental  diggings  have  exposed  quartzite  richly 
impregnated  with  specular  iron  (GO  per  cent.)  and  magnetite  in  grains  and 
crystals.  He  estimates  the  average  thickness  of  the  ore-deposit  at  12  or  13 
feet,  but  is  unable  to  give  reliable  statistics  as  to  its  extent  along  the  strike, 
although  the  fact  that  it  has  been  found  at  several  points  pretty  far  apart 
seems  to  indicate  that  the  extent  is  considerable.  The  ore-bearing  quartzite 
revealed  by  the  old  adit,  which  has  been  carried  only  some  20  feet  into  the 
mountain-side,  is  not  so  rich  as  that  above  described.  The  quality  of  the  ore 
is  said  to  be  excellent,  and  even  if  it  were  carried  no  farther  it  could  be  used 
in  the  ironworks  of  the  neighbouring  town  of  Vulpmes.  L.  L.  B. 
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ANTHEACITE  IN  NASSAU  HEMATITE,  GERMANY. 
Vorkommen   von    Anthracit    in    Nassauischem    Rotheisenstein.       By    L.    Loewe. 
Zeitschrift  filr  Praktische  Geologic,  1900,  vol.  viii.,  pay  ■•>  Z\\-M2. 

In  the  Devonian  haematite  worked  in  the  iron-mines  of  the  neighbourhood 
of  Dillenburg,  anthracitic  inclusions  occur  over  a  length  of  about  1,800  feet. 
They  are  dispersed  equally  through  the  mass  in  the  direction  of  the  dip,  from 
the  outcrop  at  day  down  to  the  lowest  depth  yet  reached  in  the  mines  (390 
feet).  Such  inclusions  are  especially  numerous  in  the  Konigszug  and  Stillings- 
eisenzug  mines.  In  some  cases,  they  occur  in  very  thin  black  strips,  which 
frequently  pass  into  a  carbonaceous  impregnation  of  the  haematite,  so  as  to 
blacken  completely  great  masses  of  ore.  In  other  cases,  the  inclusions  are 
•closely  packed  together  in  lenticles,  measuring  up  to  8  inches  in  length  and  2 
inches  in  thickness.  As  a  rule,  such  nests  pass  gradually  into  the  neighbour- 
ing rock,  the  ironstone  being  merely  sprinkled  along  its  edge  with  fine 
anthracitic  particles:  the  concentration  of  these  little  by  little  into  masses 
of  perfectly  pure  anthracite  can  be  traced  uninterruptedly.  Sometimes,  how- 
ever, the  anthracite  ends  off  sharply  against  the  haematite,  a  thin  film  of  iron- 
pyrites  often  marking  the  boundary  between  the  two.  The  antaracite  exhibits 
the  usual  characters:  deep  black  hue,  strong  metallic  lustre,  and  greyish- 
black  streak. 

In  discussing  the  origin  of  this  occurrence,  the  author  lays  down  the 
preliminary  postulate  that  all  anthracite  was  formed  in  the  wet  way.  As 
these  Nassau  haematites  are  truly  bedded  deposits,  though  probably  of  a 
metasouiatic  character,  it  may  be  assumed  that  the  ferruginous  waters  which 
altered  the  original  limestone-beds  into  red  ironstone,  held  in  suspension 
organic  substances  which  were  precipitated  with  the  iron,  and  by  slow  decom- 
position ultimately  became  anthracite.  L.  L.  B. 


THE  KAOLIN-DEPOSITS  XEAK   LA  SPEZIA,   ITALY. 

H  Caolino  dei  Dintomi  ddla  Spezia.      By  E.  Salle.     Atti  della  Societa  Toscaiia 
di  Scienze  Naturcdi,  Proce-ssi  Verhcdi,  1900,  vol.  xii.,  pages  103-106. 

Up  till  about  two  years  ago,  the  true  character  of  the  kaolin-deposits, 
which  occur  at  various  localities  in  the  hills  around  La  Spezia,  was  not  known. 
The  terra  bianca  (white  earth),  as  it  is  locally  called,  was  thought  to  be 
-calcareous,  and  was  indeed  mistaken  for  chalk.  An  expert  who  chanced  to 
pass  through  the  village  oi  Moutenero  in  1898,  examined  the  mineral,  and 
after  careful  scrutiny  jDronouuced  it  to  be  kaolin.  Various  trials  having 
proved  its  industrial  value,  workings  were  started  with  feverish  alacrity. 
Despite  the  checks  and  disajjpointments  which  inevitably  wait  on  exaggerated 
hopes,   the  Alontenero   workings  are  now  very   flourishing. 

A  landowner  of  Corvara,  near  II  Pignone,  finding  on  his  property  white 
earth  similar  to  that  of  Montenero,  had  it  analysed,  and  it  proved  to  be 
kaolin  of  excellent  quality,  but  so  far  workings  have  not  been  started  at  the 
new  locality. 

The  author's  researches  tend  to  show  that  this  kaolin  is  an  alteration- 
product  of  euphotide  (diallage-felspar-rock).  Below  the  euphotides,  in  the 
Spezia  district,  come  dark  green  serpentinous  rocks,  and  where  the  latter 
are  superficially  altered,  the  presence  of  steatite,  asbestos,  and  (less 
abundantly)  malachite,  is  noted.  The  percentage  composition  of  the  Corvara 
kaolin  is  as  follows:  Silica,  4865;  alumina,  .3520;  lime,  2-79;  magnesia,  0'65; 
■water,  11'30;  oxide  of  iron  and  alkalies  (determined  by  difference)  1'41. 

L.  L.  B. 
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THE  OEIGIN  OF  THE  CINNABAR  AND  ANTTMONY-ORE  DEPOSITS 

OF  TUSCANY. 

Die  Zinuober  nnd  Antimon  fUhrendtn  Layerstdtten  'Jb-scauas  nnd  ihrt  Beziehimgen- 
zu  den  Quartdren  Eru^tivgesteinen.  By  Dr.  B.  Lotti.  Zeitschri/t  fur 
Praktische  Geologie,  1901,  vol.  ix.,  pages  41-46. 

The  author  begins  by  pointing  out  that  there  have  been  in  Tuscany  three 
great  periods  of  ore-deposition :  firstly,  in  Eocene  times,  when,  in  connection 
with  the  eruption  of  serpentine-rocks,  copper-ores,  and  almost  exclusively 
copper-ores,  were  deposited.  Secondly,  in  the  Miocene  age,  when  iron-ores, 
large  cupriferous  quartz-veins,  calamine,  and  miscellaneous  sulphides  were 
formed,  in  connection  with  the  eruption  of  acidic  (especially  granitic  and 
porphyric)  rocks,  as  in  Elba,  Giglio,  near  Caverano,  and  Campiglia.  Lastly, 
in  earliest  Quaternary  times,  when  as  a  consequence  of  the  outburst  of 
trachytic  and  andesitic  lavas  of  Monte  Amiata,  Roccastrada,  Monte  Catini 
in  Val  di  Cecina,  and  Orciatico,  stilphides,  almost  exclusively  of  mercury 
and  antimony,  were  formed.  With  these  later  phenomena  may  be  associated 
the  recent  occurrences  of  thermal  springs,  deposition  of  travertine,  and  evolu- 
tion of  sulphuretted  hydrogen. 

The  main  object  of  the  present  memoir  is  to  prove  the  genetic  relationship 
existing  between  the  eruptive  phenomena  of  the  third  period  and  the  mercury- 
antimony  ore-deposition. 

First  of  all,  in  regard  to  Monte  Amiata,  the  cinnabar  occurs  in  rocks  of  the 
most  various  texture,  origin  and  age :  in  Middle  Liassic  limestones,  in  Upper 
Liassic  limestones  and  quartz-schists;  in  Nummulitic  Limestone;  in  Eocene 
sandstones  and  shales ;  and  finally  in  the  trachyte  itself.  The  warm  sulphur- 
springs  and  the  emanations  of  gas  at  Abbadia  San  Salvatore  and  other  ore- 
bearing  localities  are  shown  to  coincide  with  a  great  subterranean  fissure, 
along  which  the  Eocene  strata  are  faulted  against  the  older  Mesozoic  rocks 
of  Monte  Zoceolino.  It  is  plain  that  the  cinnabar  was  introduced  into  sa 
many  different  rocks  of  various  ages  by  means  of  percolating  solutions  which, 
on  the  limestones  and  sandstones,  had  a  more  or  less  corrosive  action. 

There  is  an  intimate  relationship  between  the  mercury  and  the  antimony- 
ores  of  the  region  here  dealt  with.  In  the  Monte  Amiata  district  and  the 
Maremma  Grossetana,  the  two  ores  frequently  occur  in  association  in  the- 
same  deposit.  One  ore-body  which  was  long  worked,  and  proved  to  be  the 
purest  and  richest  in  Tuscany,  occurred  in  an  enormous  mass  of  compact 
quartz,  the  hanging-wall  of  which  is  Eocene  limestone  and  the  foot-wall 
Permian.  Here  besides  antimony-glance  are  traces  of  realgar.  A  similar 
association  of  putizzt  (sulphuretted-hydrogen  blowers)  and  thermal  springs- 
is  noted  in  regard  to  the  antimony-ore  deposits,  as  in  regard  to  those  of 
cinnabar. 

At  Jano,  in  Volterra,  cinnabar  occurs  both  in  rocks  of  Carboniferous  age- 
and  in  the  pyritous  Pliocene  clays  against  which  the  Palaeozoic  rocks  are 
faulted.  L.  L.  B. 


PYRITES-DEPOSITS   IN   NORWAY. 

Kvifoi-kkom-'iter  langs  den   Projekterede    Sell-Storen-jeriibane.      By  E.  Gulliksen 

and    Pkof.    J.    H.    L.   VoGT.       Teknish    Ugeblad,    1899,    vol.   xvii.,  page» 

427-4.30,  444-447,  465-469,  475-477,  and  487-488,  with  figures  in  the  text. 

The  Sell  and  Storen  railway  is  projected  to  open  out  the  country  south  of 

Trondhjem  (Drontheim),  in  the  heart  of  Norway,  Sell  being  about  120  miles- 

south-south-west  of  that  place  as  the  crow  flies,  and  90  miles  from  Storen, 
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where  the  new  line  joins  the  existing  railway.  Short  branches  running  to  the 
west  might  connect  the  line  with  the  coast  in  the  neighbourhood  of  Christian- 
siind  and  Molde,  following  valleys  to  the  heads  of  the  fjords  into  which  they 
trend.  The  country,  which  is  mountainous  and  traversed  by  deep  valleys,  is 
formed  of  metamorpliic  crystalline  schists  with  erujitive  rocks.  The  Sell- 
Storen  line  coincides  roughly  with  the  junction  of  two  great  series  of  the 
schists,  the  older  constituting  generally  the  ground  to  the  west  and  the 
younger  that  to  the  east.  It  is  in  the  latter  set  of  rocks  that  the  ores  of  the 
region  are  found  at  a  great  many  spots  noted  and  more  or  less  described  in  this 
paper.  These  ores — iron-  and  copper-pyrites — occur  chiefly  in  bed-like 
masses  approximately  parallel  to  the  high  dip  of  the  foliated  rocks  amongst 
which  they  lie,  and  several  of  them  have  been  worked  already.  Thus  the 
pyrites-mine  of  Undal,  about  20  miles  south  of  Storen,  has  been  exploited 
since  the  seventeenth  century,  and  is  capable  of  producing  20,000  tons  of 
pyrites  (1  per  cent,  of  copper)  per  annum,  at  a  price  of  8s.  9d.  (7'75  kroner) 
per  ton  at  Trondhjem.  The  Foldal  mines  can  produce  double  that  amount 
(with  2  per  cent,  of  copper)  at  about  10s.  Id.  (9  kroner).  These  localities,  with 
Varstian,  are  the  most  important;  but  several  others — some  with  chromium- 
ores — are  cited.  Alternative  railways  for  the  development  of  the  pyritous 
deposits  of  the  district  are  suggested  and  discussed,  and  are  illustrated  by 
means  of  rough  sections  and  a  sketch-map.  G.  A.  L. 


MINEEAL  RESOUECES  OF  EUMANIA. 

Etudes  -mr  les  Mineraux  de  la  Rotimanie.  By  Prof.  P.  Pom.  Annales  Scienti- 
Jiques  de  VUniversit6  deJassy,  1900,  vol.  i.,  pages  15-148. 

This  memoir  is  an  exhaustive  compendium  of  all  that  is  known  up  to  the 
present  day  concerning  the  minerals  of  Eumania.  In  regard  to  those  of 
industrial  importance,  the  following  are  the  chief  particulars  which  may  be 
gleaned  from  the  memoir :  — 

PctroleuTTi  occurs  on  the  northern  slope  of  the  Moldavian  Carpathians  and 
on  the  southern  slope  of  the  AVallachian  Carpathians.  Its  origin  is  in  some 
way  connected  with  the  upheavals  which  resulted  in  the  ridging  up  and 
folding  of  the  Carpathian  range.  The  chief  centre  of  the  oil-industry  is  the 
district  of  Prahova,  producing  more  than  23,000,000  gallons  annually.  Next 
in  importance  are  the  districts  of  Buzeu,  Dimbovitza  (where  the  production, 
however,  is  diminishing),  Neamtz-Bacau,  etc.  In  1898,  the  total  amount  of 
petroleum  produced  in  Eumania  exceeded  30,000,000  gallons ;  the  use  of 
the  crude  oil  and  of  the  distillation-residues  as  fuel  in  factories  and  railway- 
locomotives  is  rapidly  extending  in  that  country,  and  the  author  thinks  that 
the  production  in  1899  was  vastly  greater  than  that  of  the  previous  year. 
Moreover  fresh  facilities  for  transport  of  the  oil  along  the  navigable  water- 
ways have  lately  come  into  play. 

Ozokerite  has  been  worked  in  several  localities,  where  beds  of  it  occur  in 
association  with  petroleum. 

Anther  is  got  chiefly  in  the  district  of  Buzeu.  The  mountain-torrents 
coming  down  in  flood  bring  with  them  great  masses  of  friable  Miocene  sand- 
stone and  clay  in  which  the  mineral  occurs,  and  whence  it  is  extracted  by  the 
people  of  the  countryside.  The  annual  production  varies :  it  is  stated  not  to 
exceed  660  pounds,  but  there  is  reason  to  believe  that  the  peasants  conceal 
the  actual  amount,  in  order  to  evade  taxation. 

Anthracite  containing  between  88  and  90  per  cent,  of  fixed  carbon  is  worked 
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at  Schela  in  the  Gorjixi  district,  and  is  known  to  occur  at  three  or  four  other 
localities. 

Bituminous  coal,  of  Jurassic  age,  occurs  in  the  Dimbovitza  district.  There, 
at  Brandusi,  are  two  seams — one  6^  feet,  the  other  2i  feet  thick.  At 
Piscul-cu-brazi  two  seams  have  been  struck,  the  lower  of  which,  2f  feet  thick, 
is  separated  from  the  upper  (27  inches)  by  only  1  foot  of  clay. 

Lignite  is  of  widespread  occurrence.  The  workings  at  Bahna  and  Meris  have 
been  abandoned,  but  in  the  Dimbovitza  district  a  seam,  ranging  from  6  to  7 
feet  in  thickness,  is  worked,  and  8,500  tons  were  got  from  it  in  1898.  Explora- 
tion-work is  going  on  at  Doicesci  in  the  same  district,  where  three  seams  crop 
out  whose  combined  thickness  approaches  20  feet.  This  is  also  the  maximum 
thickness  of  the  three  seams  in  the  Government  mine  at  Margineanca;  at 
Fagetzel,  4^  miles  distant  from  the  last-named  locality,  opencast  lignite- 
workings  were  started  by  the  Rumanian  Government  in  1898.  The  mineral 
is  also  being  mined  at  several  localities  in  the  Prahova  district. 

Graphite  has  been  recorded  from  the  Suceva,  Gorjiu  and  Mehedintzi 
districts,  but  it  does  not  appear  that  any  attempt  has  been  made  to  work  it. 

Bock-salt  is,  industrially,  one  of  the  most  valuable  of  the  Rumanian  minerals 
owing  to  the  extent,  thickness,  and  purity  of  the  deposits.  These  form  an 
almost  unbroken  chain,  striking  firstly  north  and  south  on  the  eastern  flank 
of  the  Moldavian  Carpathians,  and  then  striking  westward  on  the  southern 
slope  of  the  Wallachian  Carpathians.  As  a  general  rule,  the  rock-salt  crops 
out  at  the  surface,  or  is  struck  at  a  very  shallow  depth.  The  working  of  the 
mineral  practically  constitutes  a  state  monopoly,  the  chief  mines  being  those 
of  Tirgul-Ocna,  Slanic,  Doftana,  and  Ocnele-Mari.  Galleries,  160  feet  or  so 
wide  and  650  feet  long,  are  driven  in  the  rock;  and  though,  in  some  cases, 
the  workings  have  reached  a  vertical  depth  of  600  feet  or  more  from  the 
surface,  they  have  not  got  through  the  salt.  The  total  production  of  the 
four  above-mentioned  mines  in  1898  exceeded  112,000  tons,  64  per  cent,  of 
which  was  consumed  within  the  country,  the  remainder  being  exported  trv 
Bulgaria,  Ser\aa  and  Russia. 

Gypsum,  as  might  be  surmised,  is  of  very  frequent  occurrence  in  associa- 
tion with  the  salt-deposits. 

Mirabilite  (Glauber's  salt,  or  hydrated  sodium  sulphate)  occurs  abundantly 
in  deposits  crystallized  out  from  the  many  salt-lakes  of  the  Rimnicul-Sarat, 
Braila  and  Jalomitza  districts.  As  the  outcome  of  elaborate  analysis  and 
comparisons  the  author  concludes  that  the  waters  of  these  lakes  could  be 
utilized  in  the  industrial  preparation  of  sodium  sulphate  with  much  greater 
advantage  than  the  "'  mother-licaiors "  of  salt-marshes.  Sodium  sulphate 
also  occurs  in  the  efflorescent  form  at  the  surface  of  porous  marls  (proved  to 
overlie  saliferous  clays)  which  are  found  mostly  in  the  valley-bottoms  of  the 
Bahlui  and  Jijia  river-basins  and  at  many  other  localities.  Finally  it  occurs 
in  solution  in  the  springs  and  wells  around  Jassy,  cti.,  and  among  the 
Carpathians,  in  springs,  in  close  proximity  to  the  great  chain  of  rock-salt 
dejjosits. 

Kaolin. — The  granulite  of  the  south-western  flank  of  Mount  Muncel  is 
believed  to  have  given  rise  to  a  thick  deposit  of  kaolin,  which  occurs  in  a 
neighbouring  valley. 

Iron-r/res  occur  in  workable  deposits  in  several  localities,  such  as  the 
magnetites  between  Podeni  and  Obirsa ;  the  limonites  on  the  western  flank 
of  the  Bahna  mountains,  and  of  Mount  Dirmoxa;  and  perhaps  the  red 
haematites  of  the  Suceva  district.  Moreover,  iron-  and  copper-jDyrites,  and 
manganese-ores  are  recorded  from  several  localities. 
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Gold  occurs,  but  in  very  small  proportions,  in  the  river-sands  of  the 
Jiul,  the  Oltul,  the  Argesul,  the  Bistritza  and  their  mountain-affluents. 

Among  the  other  minerals,  the  existence  of  which  is  proved,  are  native 
sulphur,  native  mercury,  cinnabar,  realgar,  orpiment,  galena,  blende, 
smaltine,  tetrahedrite,  malachite,  etc.  L.  L.  B. 


MINERAL  PEODUCTS  OF  CEYLON. 

Ueber  die  Mineralvorkommen  von  Ceylon.  By  Fr.  Grunling.  Zeitschrift  fur 
Krystrdlographie  und  Mineralogie,  1900,  vol.  xxxiii.,  pages  209-239,  icith  a 
Jiyure  in  the  text  and  map. 

This  memoir  is  based  partly  on  the  author's  personal  observations  in  the 
course  of  a  journey  through  Ceylon  in  the  winter  of  1896-1897  (made  for 
the  express  purpose  of  collecting  minerals),  and  partly  on  an  exhaustive 
study  of  all  known  publications  bearing  in  any  way  on  the  mineral  products 
of  the  island. 

From  the  physiographies  1  point  of  view,  Ceylon  is  divisible  into  three  very 
distinct  portions:  (1)  the  northern  plains;  (2)  the  low  coast-lands;  and  (3) 
the  mineral-producing  mountain  area,  which,  lying  somewhat  south  of  the 
true  centre  of  the  island,  takes  up  aboiit  a  fifth  of  its  total  surface. 

In  northern  Ceylon,  especially  in  the  districts  of  Chilaw  and  Puttalam, 
sea-salt  is  got  by  solar  evaporation  of  the  sea-water  in  narrow  canals :  the 
numerous  shallow  inlets  and  creeks  are  very  favourable  to  this  branch  of 
industry.  Along  the  north-western  coast,  from  Negombo  to  the  island  of 
Mannar  stretch  the  pearl-oyster  banks.  The  pearl-fishery  is  subjected  to 
careful  regulation  and  inspection,  and  operations  (when  authorized)  are 
usually  started  about  the  end  of  February,  at  the  quietest  jDcriod  of  the 
north-east  monsoon.  In  1885,  for  example,  pearl-fishing  was  carried  on  for 
20  days,  the  total  value  of  the  production  for  that  short  campaign  amount- 
ing to  :£9,000. 

Turning  now  to  the  mountainous  districts,  the  mineral  which  ranks  first 
in  industrial  importance  is  graphite.  It  is  of  widespread  occiirrence,  and 
is  worked  in  numerous  mines,  pits  and  smaller  excavatons  over  an  area 
extending  from  Mount  Ambokka,  on  the  boundry  between  the  Central  and 
North-western  Provinces,  to  "Warapitiya  in  the  Hambantota  district  of  the 
Southern  Province,  and  from  Matale  up  to  the  heights  of  Nuwara  Eliya. 
The  estimates  of  the  total  number  of  workings  appear  to  be  very  various, 
ranging  from  400  up  to  1,800  or  thereabouts.  The  workings  are  generally 
opencast,  and  are  exploited  in  a  comparatively  primitive  fashion,  very  few 
steam-engines  being  in  use.  One  of  the  great  practical  difficulties  is  the 
inrush  of  water,  particiilarly  after  heavy  monsoon  rains  which  at  times 
bring  mining  operations  to  a  standstill.  In  some  cases,  perpendicular  shafts 
are  driven  in  the  graphite-bearing  rocks,  but  to  no  very  great  depth,  on 
accoimt  of  the  bad  conditions  of  ventilation.  The  largest  mines  are  those  of 
Eagedara,  which  have  yielded  and  still  yield  enormous  qtiantities  of  graphite 
of  first-rate  quality.  Next  perhaps  to  these  we  should  mention  those  of  the 
Kegalla  district,  and  of  Pasdum  Korale  and  Morawak  Korale.  Messrs. 
Walther,  Zirkel  and  "Weinschenk  have  successively  pointed  out  that  the 
graphite  is  a  true  vein-deposit  (in  granulite),  a  view  \vith  which  the  author 
emphatically  concurs.*     The  grajihite-veins  have  preserved  in  a  remarkable 

*  Quarterlij  Juurnal  of  the  Geological  Society,  1900,  vol.  Ivi.,  page  609. 
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way  the  impress  of  the  niechauical  disturbances  (the  dynamics  of  mountain- 
building)  which  the  rocks  have  undergone  since  the  veins  were  formed. 
Thrusts  in  opposite  directions  have  produced  in  the  graphite-fibres  a  structure 
of  deceptively  ligneous  aspect,  while  in  some  cases  excessive  pressure  has 
converted  the  fibrous  graphite  into  a  compact,  minutely  scaly  mass.  This 
variety  is  regarded  in  Ceylon  as  of  less  value,  nevertheless  it  possesses  all  the 
qualities  requisite  for  making  good  pencils.  For  further  information  on 
the  subject  of  the  graphite-deposits  of  Ceylon,  the  reader  may  consult  with 
advantage  Dr.  E.  Weinscheuk's  paper.* 

Precious  stones  occur  in  the  recent  river-sands  and  in  the  older  alluvial 
deposits,  now  high  and  dry  above  the  stream-levels.  Among  the  wealthiest 
areas  in  this  respect  is  the  province  of  Sabaragamuwa  (wherein  the  town  of 
Ratnapura  is  regarded  as  the  chief  centre  of  the  industry)  down  to  Eakwana; 
and  away  over  the  southern  hills  to  the  sea,  thence  along  the  coast-lands 
from  Point  de  Galle  to  Magama  Ganga  (Southern  Province).  Rich  deposits 
too  are  found  in  the  Western  Province.  The  methods  of  working  are  of  the 
simijlest,  and  are  carried  on  almost  exclusively  by  Cingalese  natives.  The 
"  water-pits  "  are  worked  only  at  certain  seasons,  for  the  streams  are  mightily 
swollen  during  the  monsoon.  At  a  convenient  spot,  the  river-bottom  is 
scooped  up  with  long-handed  shovels  bent  at  right  angles :  then  30  to  40 
shovelfuls,  say,  are  emptied  into  a  basket  of  closely  matted  plant-fibre  with 
small  oblique  apertures.  The  basket  is  kept  see-sawing  in  the  water  with 
a  kind  of  rotatory  motion,  the  result  being  that  clay,  mud,  dirt,  etc.  are 
washed  out  while  the  clean  gravel  remains.  In  the  case  of  "  land-pits,"  a 
fairly  deep  tank  is  dug,  wherein  a  wooden  stand  is  built  for  the  man  who 
washes  the  gravel :  otherwise  the  modus  operandi  is  practically  the  same  as 
that  just  described.  The  precious  stones  are  mostly  fresh  and  bright,  and 
but  little  rolled,  showing  that  they  cannot  have  travelled  far  from  their 
original  home.  Some  of  the  stones  are  sold  by  auction  or  private  treaty 
just  as  they  are,  but  others  are  cut  in  Ceylon  itself,  and  the  author  publishes 
a  photograj)!!  and  description  of  a  native  cutter  at  his  work. 

Among  these  stones,  the  great  abundance  of  corundum  is  very  striking, 
•so  too  its  varied  coloration  and  degree  of  translucency.  The  most  frequent 
precious  corundum  is  sapphire  of  a  pale  blue  (the  natives  "  improve  "  the  colour 
to  a  certain  extent  by  heating  the  stone).  Colourless  and  fine  yellow  sapphires 
are  fairly  common  also,  but  of  less  market  value.  Rubies  are  much  rarer:  they 
vary  in  colour  from  a  pale  raspberry  pink  to  one  with  a  violet  tinge.  In  this 
case  also  defects  of  coloration  are  partly  got  rid  of  by  heating.  Gneissose 
and  granitic  rocks  are  said  to  be  the  original  matrix  of  the  sapphires,  while 
the  rubies  are  traced  back  to  dolomites  and  limestones  as  well.  Tlie  author, 
however,  has  collected  material  affording  evidence  that  dolomite  is  also  the 
mother-rock  of  sapphires. 

Magnificent  blue  spinels,  zircons  and  tourmalines  are  of  frequent 
-occurrence.  Colovirless  zircons  are  mostly  cut  in  rosettes,  and  are  termed 
"  Matara   diamonds." 

Shimmering  moonstone  is  found  in  pegmatite-veins,  especially  in  the 
district  of  Kandy,  while  gravels  derived  from  such  veins  occur  in  the  Galle 
and  Matara  districts  of  the  Southern  Province.  Ordinary  garnet  and  brown 
cinnamonstone  are  also  cited,  as  well  as  amethyst  and  colourless  rock-crystal. 
Among  the  minerals  which  the  author  did  not  himself  find,  but  the 
-occurrence  of  which  is  recorded  on  reliable  evidence,  are  sulphur,  platinum, 
native  gold,  auriferous  quartz,  molybdenite,  magnetic  pyrites,  magnetite 
-and  iron-alum.  Ij-  Ij-  B. 

'  ZeiUrhriftfiir  Praktische  Oenlo'.ii';  1900,  vol.  viii.,  rage  174. 
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DEVONIAN   ANTHRACITE   IN   KWI-CHU   PEOVINCE,    CHINA. 

Sur  la  Pr&sence  dhin  Gisement  d' Anthracite  D6vonien  au  Kvui-tcheon,  Chine.     By 

G.  H.  MoNOD.     Compte-s-rendus  Hebdomadaires  de-s  Stances  de  I'Academie 

des  Science-1,  1901,  ml.  ccxxii.,  pages  270-272,  with  a  plan  and  section  in  the 

text. 

By  means  of  three  very  narrow  drifts,  the  most  considerable  of  which,  at 

the  time  of  the  author's  visit,  was  about  5,000  feet  long,  the  Chinese  work 

a    deposit    of    anthracite    at    Lan-mu-chang,    halfway    between    the    cities    of 

Hing-i  and  Gan-shuen,  in  the  province  of  Kwi-chu.        The  coal  is  overlain 

and  underlain  by  highly   fossiliferous  pyritous  grey  shales;    and  above  the 

shales    are    limestones.        In    the    last-named    formation    is    a    small    fissure 

encrusted  with  cinnabar,  which  has  also  been  worked  by  the  Chinese.       The 

presence  of  sulphides   accounts   possibly  for  the   somewhat  high   proportion 

of  ash  in  the  anthracite;    a  proximate  analysis  made  at  Marseilles  yielded 

the  following  percentage  results: — Moisture,  0"50;   volatile  matter,  8'75;   ash, 

10"40;     and  fixed  carbon,  80"35. 

The  coal-seams,  of  which  there  appear  to  be  three,  dip  20  degrees  north- 
eastward, and  the  fossils  found  in  immediate  association  with  them  prove 
their  Devonian  age.  This  shows  that  the  coal-bearing  formations  in  China 
range  through  a  much  greater  period  in  geological  time  than  had  been 
previously  suspected.  This  range  is  still  further  extended,  when  we  take 
into  account  the  occurrence  of  Tertiary  lignites  recorded  by  the  author  at 
Ma-pe-kai  in  the  east  of  Yun-nan :  with  these  lignites  is  associated  an 
abundant  fauna  of  lacustrine  gasteropods.  Moreover,  Mr.  Zeiller  has  shown 
that  lignites,  probably  of  Pliocene  age,  are  to  be  found  in  Tong-king,  in  the 
neighboiirhood  of  Yen  Bay.  L.  L.  B. 


AURIFEROUS  DEPOSITS  OF  THE  LIAO-TUNG  PENINSULA,  CHINA 

Geologiche.'ikoye    Opisanie    iuzhnol    okonechnosti     Liao-Dunskago     Poluoxfrora     re 

predielakh  Kvantunskol   Obla-<iti   i  tia  Mie-storozhdeniya  Zolota.     By  K.  I. 

BoGDANOVicH.       Materiali   dlia   Geologiyi  Bos.siyi,    1900,     ml.    x\v.,  page-i 

1-2-48,  >mfh  two  maps,  plates  I.-X  V.,  and  a  summary  in  French. 

This    elaborate    memoir,    forming    by    far    the    greater    portion    of    the 

twentieth  volume  of  the  Materials  for  the  Geology  of  Russia,  deals  with  the 

geology  of  the  Kwantuug  province  or  southern  end  of  the  Liao-Tung  Penin- 

sula,  ceded  to  the  Tsar  by  the  treaty  of  March  15th,  1898. 

The  author  has  determined  the  rock-succession  in  Kwantung  as  follows 
(each  group  being  markedly  unconformable  one  to  the  other): — (1)  Gneisses, 
granitoid  gneisses,  and  hornblende-schists  (?  Archaean  metamorphic  series); 
(2)  quartzites,  quartzose  grits  and  clay-slates  of  Ta-ku-shan;  (3)  limestones 
and  shales  of  Cambrian  age;  and  (4)  Coal-measures  (grits,  shales  and  lime- 
stones) of  Carboniferoiis  age. 

The  foregoing  rock-groujJS  are  enumerated  in  ascending  order;  the  top- 
most or  Carboniferous  group  is  at  present  only  known  by  two  small  outcrops. 
Above  all  these  come  the  sub-recent  alluvial  deposits,  loess-clays  and  loams, 
raised  beaches,  etc.  Eruptive  rocks  play  a  very  insignificant  part  in  the 
configuration  of  the  area.  The  orographic  structure  shows  signs  of  consider- 
able earth-movement  as  early  as  pre-Cambrian  times,  and  dislocatory  move- 
ments continued  until  after  the  deposition  of  the  Carboniferous  strata,  since 
these  too  have  been  folded  and  ridged  up. 

VOL.  XLrX.-1899-1900  / 
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The  author  distinguishes  in  the  Liao-tic-shan  district  four  categories  of 
auriferous  placers :  (a)  recent  gold-bearing  sand  in  the  river-beds ;  (b)  placers 
of  the  table-lands  and  hills,  formed  from  the  erosion  of  rocks  in  situ  or  on 
neighbouring  slopes;  (c)  gold-b°aring  alluvia  of  the  valleys,  dating  from 
the  period  of  formation  of  the  river-valleys ;  and  (d)  svibmarine  gold-deposits, 
the  last-named  being  worked  by  the  Chinese  at  low  tide. 

The  exploration  of  the  placers  in  the  Pei-lien-tsa  valley  and  near  the 
village  of  Shantse-tun  has  yielded  evidence  of  their  connexion  with  quartz- 
veins  which  traverse  the  quartz-schists  and  clay-slates  of  the  Ta-ku-shan 
group.  In  the  Liao-tie-shan  massif  these  veins  are  seen  to  traverse  also  the 
Archaean  gneisses  and  granitoid  rocks,  and  they  seem  to  bear  some  relation 
to  an  associated  complex  of  pegmatitic  veins. 

Around  Port  Arthur,  gold-placers  belonging  to  categories  a  and  h  have 
been  discovered,  and  so  too  farther  north-east  near  the  bay  of  Liao-pin-tao. 
Several  other  localities  for  gold  are  enumerated,  and  the  memoir  conveys 
generally  the  impression  that  both  placers  and  auriferous  quartz-veins  are 
very  widely  spread  over  this  new  j^rovince  of  the  Russian  Empire.  Explora- 
tion-work is  now  in  progress,  with  the  view  of  ascertaining  whether  the  veins, 
which  are  never  more  than  1^  inches  thick,  could  be  worked  at  a  profit,  but 
there  is  no  doubt  whatever  as  to  the  industrial  importance  of  the  deposits 
belonging  to  categories  b,  c  and  d.  The  last-named — the  submarine 
placers — are  regarded  by  the  author  as  the  most  promising  of  all.  The 
Chinese  Government  had  always  opposed  the  working  of  gold  in  this  area, 
but  in  1898  the  people  of  southern  Liao-tung,  being  pressed  by  famine  and 
taking  advantage  of  the  relaxation  of  Chinese  authority,  began  to  excavate 
the  placers:  and  a  change  has  come  over  the  economic  aa  well  as  over  the 
political  conditions  of  the  peninsula.  L.  L.  B. 


MINERAL   RESOUECES  OF  TAIWAN   OR  FORMOSA. 

Unsere  geooraphischen  Kenntnisse  von  der  Insel  Taivan  (Formosa).  By  Dr 
N.  Yamasaki.  Petermamis  Mittheihmgen,  1900,  vol.  .dci.,  pages  221-234, 
and  map. 

The  most  important  mineral  products  of  the  island,  now  happily  under 
Japanese  rule,  are  gold,  coal  and  sulphiu",  and  the  chief  localities  so  far 
known  for  these  are  in  the  extreme  north,  in  the  neighbourhood  of  Kilung. 

The  gold  occurs  both  in  placer-dejjosits  and  in  veins :  it  was  first  dis- 
covered in  1890  in  the  Kilung-kei  river  by  one  of  the  Chinamen  employed  in 
building  a  railway  bridge.  Since  then,  a  stretch  of  10  miles  of  river-bed 
has  been  industriously  washed  for  gold  by  thousands  of  natives.  Later  on, 
auriferous  sands  were  found  at  Shinjo  and  in  the  Shti-koran-kei  on  the  east 
coast.  In  the  Kinkaseki  and  Kytifun-san  hills,  east  of  the  harbour  of  Kilung, 
gold  occurs  at  the  contact-zone  between  Tertiary  sandstones  and  slates  and 
volcanic  rocks,   and   in  veins  interrupted  by  Tertiary  beds. 

Many  coal-seams  occur  in  the  Tertiary  hill-country  on  both  sides  of  the 
Kilung-kei,  but  on  the  whole  the  quality  is  not  very  good.  Among  the 
localities  where  the  coal  is  said  to  be  somewhat  better  are: — Shikyakutei  (three 
seams,  of  which  the  main  seam  is  more  than  4  feet  thick);  DenryOko  (also 
three  seams,  the  principal  of  which  attains  a  thickness  of  9  feet  8  inches: 
but  they  all  thin  out  gradually  westward);  and  Sansliurei.  The  use  of  the 
Kakyaku  coal-field  is  exclusively  reserved  for  the  Imperial  Japanese  Navy : 
it  opens  up  four  seams,  of  which  the  main  seam  is  5^  feet  thick.      All  the  coal- 
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bearing  strata  are  Tertiary  sandstones  and  shales,  with  a  general  north- 
easterly and  south-westerly  strike,  and  sometimes  a  steep  dip  (as  much  as  85 
degrees).     The  coal-export  in  1898  amounted  to  14,250  tons. 

Sulphur  is  got  from  the  solfataras  connected  with  the  Taiton  volcanoes, 
and  the  annual  production  ranges  between  300  and  420  tons. 

Petroleum  is  known  to  occur  in  several  localities,  but  so  far  it  has  not 
been  obtained  in  sufficient  quantity  to  make  it  of  great  industrial  importance. 

The  aiithor  embodies  these  data  in  a  paper  which  contains  much  valuable 
information  concerning  the  physiography,  climate,  vegetation  (rice,  tea,  pine- 
apples, bamboo,  sugar-cane,  camphor,  etc.,  are  grown),  and  fauna  of  the 
island.  L.  L.  B. 


PROSPECTING  IN  PERSIA. 
Schitrfungen  in  Persien.     By  Haxs  Winklehner.     Oesterreichische  Zeitschrift  fiir 
Berg-  imd  Hiittenivesen,  1899,  vol.  xlvii.,  page-s  629-633  and  645-649. 

Petroleum. — Near  Schushter  is  a  hot  spring  yielding  22  to  33  gallons 
(100  to  150  litres)  per  diem  of  petroleum,  fit  for  burning  without  requiring  any 
refining.  Another  source  of  oil  is  found  in  a  hot  sulphiir-spring  at  the  foot 
of  a  limestone-hill  near  Daliki,  the  daily  output  being  18  to  22  gallons  (80  to 
100  litres)  of  clear  yellow  oil,  with  a  specific  gravity  of  O^Sl,  agreeable  odour, 
and  burning  well  without  smoke.  Two  abandoned  bore-holes  sunk  in  the 
vicinity  were  examined  by  the  author,  but  the  quantity  of  oil  was  small; 
and,  though  the  jiresence  of  workable  quantities  is  not  improbable,  the  expense 
of  transporting  tools,  etc.,  from  the  coast  is  so  great  that  there  is  little  likeli- 
hood of  the  deioosit  being  worked. 

Other  petroliferous  springs  were  discovered  in  the  limestone-formation 
near  Chanawallah,  but  the  same  objection  applies  to  any  endeavour  to  work 
them ;  and  oil  was  also  found  on  the  island  of  Kishim  in  the  Persian  Gulf. 
Not^^*ithstanding  the  failure  of  previous  attempts  the  author  is  of  opinion,  in 
view  of  the  great  extent  of  country  of  uniform  geological  character  along 
the  shores  of  the  gulf,  from  Schushter  to  Minab,  over  which  these  oil-springs 
occur,  that  payable  oil  may  yet  be  struck  at  some  parts  of  the  line. 

Rock-salt. — Very  extensive  deposits  are  found  over  the  whole  of  Persia. 
A  large  part  of  the  chain  of  hills  along  the  Persian  Gulf,  some  93  miles  (150 
kilometres)  between  Biishire  and  the  Rud-i-Mand,  consists  of  saliferous  clays 
containing  from  20  to  30  per  cent,  of  salt.  The  outcrop  in  many  places 
takes  the  form  of  pillars  or  pyramids  160  to  200  feet  (50  to  60  metres)  high, 
covered  with  overhanging  sandstone  protecting  it  against  further  deniida- 
tion.  The  hill  of  Kuh-i-Namak,  near  the  mouth  of  the  Rud-i-Mand,  and 
about  5,200  feet  (1,600  metres)  high,  consists  mainly  of  rock-salt  overlying 
marl  and  tough  limestone.  A  similar  deposit  occiirs  at  Namakdan  on  the 
island  of  Kishim,  a  chain  of  hills  3f  miles  (6  kilometres)  long,  3,900  feet 
(1,200  metres)  wide  and  over  300  feet  (100  metres)  high,  on  the  southern  coast,- 
consisting  entirely  of  rock-salt,  with  a  covering  of  sandstone,  marl  and 
gypsum.  The  salt  here  is  very  clear  and  transjiarent.  It  is  worked  in  a 
very  primitive  manner  by  the  natives,  home-made  powder  being  employed 
for  blasting. 

Other  considerable  beds,  but  of  less  pure  salt,  are  found  in  the  islands 
of  Hormuz,  Lnrak  and  Handscham. 

The  chief  difficulties  in  wo'-  :ing  these  beds  on  a  large  scale  are  the  provision 
of  food  and  water  for  a  large  working  staff,  the  land  being  unproductive  and 
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short  of  water.  The  main  drawback,  however,  is  the  high  freight  to  Bombay, 
there  beiug  no  return  traffic;  and  consequently  this  district  could  not  com- 
pete with  the  Aden  salt-works. 

Coal. — Several  outcrops  of  so-called  coal  were  inspected  in  the  Gisakhun, 
Dehery  and  Chormiidsh  hills,  but  proved  to  be  gypsum,  etc.,  impregnated 
with  bitumen,  the  only  deposit  of  true  coal  being  in  the  hills  to  the  north  of 
Kerman.  Even  this  is  veiy  irregular,  and  occurs  in  isolated  masses  31  to  47 
inches  (80  to  120  centimetres)  thick ;  and,  though  of  good  quality,  is  too  far 
from  the  coast  to  be  of  any  practical  value. 

Barax. — Between  Shar-i-Babek  and  Deh-i-Shuturan,  in  the  province  of 
Kerman,  an  extensive  deposit  of  boras  occurs  in  the  centre  of  a  stejDpe,  the 
mineral  being  found  in  lumps  abovit  40  to  60  inches  below  the  surface.  The 
soil  is  impregnated  with  boracic  compounds,  and  the  subsoil  water  is  struck 
at  a  depth  of  aboiit  80  inches  (2  metres).  The  lumps  consist  of:  ulexite, 
68-93;  boracite,  100;  borax,  2-06;  glauberite,  4-76;  common  salt,  4-22; 
moisture,  11*26;  and  insoluble  matter,  7'85. 

The  natives  extract  the  borax  by  boiling  these  lumps  for  4  to  5  hours  in 
a  solution  of  plant-ashes  and  crystallizing  the  extract  in  copper  pans. 

The  author  collected  a  quantity  of  the  lumps,  and  concentrated  the  borax 
by  washing  out  the  earthy  impurities  and  drying  the  ulexite  in  kilns,  the 
product  containing  55  per  cent,  of  boric  acid,  16  per  cent,  of  lime,  8"8  per  cent, 
of  soda,  and  20'2  per  cent,  of  moisture. 

Asbestos. — The  best  finds  were  made  in  the  Kuh-i-Benan  hills  on  the 
Afghan  frontier,  and  at  Bafk,  Cliusf  and  Shetur  in  the  same  district, 
the  mineral  being  associated  with  serpentine  in  limestone. 

Iron. — A  considerable  deposit  of  red  ironstone,  30  to  60  feet  (10  to  20 
metres)  thick  and  of  a  soft  character  was  found  near  Bam,  the  outcrop  being 
traced  for  nearly  2,600  feet  (800  metres).  The  ore  is  of  excellent  quality,  con- 
taining an  average  of  56  per  cent,  of  iron,  and  is  embedded  in  limestone ;  but 
owing  to  its  position  in  the  desert,  37  miles  (60  kilometres)  from  the  nearest 
water,  is  practically  unworkable. 

Copper  and  lead  are  fairly  plentiful  in  the  south,  the  former  being  worked 
in  the  Kuh-i-Hasar  hills  (Kerman),  and  the  latter  at  Kuh-Kebutih  (Bam),  where 
a  very  rich  deposit  occurs  in  a  limestone-ridge. 

Sulphur. — Irregular  deposits  of  impure  (20  to  25  per  cent.)  sulphur  are 
found  in  some  low  hills  near  the  headland  of  Eas  Bostana  and  worked  by  the 
natives.  Pockets  of  purer  mineral  (70  to  80  per  cent.)  are  also  met  witli  in 
the  same  locality. 

Unfortunately  the  almost  entire  absence  of  any  means  of  internal  com- 
munication, apart  from  a  few  main  roads,  precludes  the  possibility  of  utilizing 
the  mineral  wealth  of  the  country.  C.  S. 


MINERAL  WEALTH  OF  SIBERIA. 

Note  siir  les  Richesses  Mindrahs  de  la  Sihdrie  et  >;?«r  VEtat  actuel  de  leur  Exploitation. 
ByVi.  Glasseb.     Annales  des  Mines,  1900,  series  9,  rol.  xviii.,  pages  5-78, 
with  maps  in  the  text  and  a  map. 
.  This  exhaustive  memoir  is  based  partly  on  the  author's  personal  observa- 
tions made  during  the  summer  of  1898,  and  partly  on  information  elicited 
from  Russian  mining  engineers  and  mining  publications.     It  is  accompanied 
by  a  sketch-map  of  Siberia  on  which  the  most  important  ore-deposits  so  far 
known  are  indicated.     The  author  expressly  excludes  from  the  scope  of  his 
survey  the  mineral  wealth  of  the  Ural  region  and  of  Russian  Central  Asia. 
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Gold. — The  seekers  after  the  precious  metal,  pushing  ever  farther  afield 
as  the  gold-bearing  deposits  nearer  the  fringe  of  the  settled  districts  are  be- 
coming gradually  worked  out,  have  recently  entered  upon  regions  hitherto 
regarded  as  practically  iminhabitable — the  desolate  shores  of  the  Sea  of 
Okhotsk,  nay  even  far  Kamshatka  itself.  A  certain  measure  of  success  has 
already  attended  their  efforts,  thus  confirming  the  supposition  that  auriferous 
deposits  extend  in  an  unbroken  chain  from  the  Urals  to  the  Pacific  coast. 
The  gold-production  of  Siberia  in  1897  reached  897,210  ounces  troy,  the  number 
of  workpeople  employed  being  close  upon  45,000.  The  largest  amount  of  gold 
is  got  from  the  Lena  district  and  the  Amur  province,  which  between  them 
account  for  more  than  half  the  total.  Then  longo  intervallo  come  the 
Yenisei  district,  the  Maritime  province,  the  Altai,  and  Eastern  and  Western 
Transbaikalia.  It  is  believed  that  a  considerable  proportion  of  gold  is 
stolen  by  the  workpeople ;  and  further,  that  a  good  deal  is  worked  clandestinely 
in  order  to  evade  taxation :  the  result  being  that  the  declared  production 
represents  probably  not  more  than  three-quarters  of  the  real  total.  The 
undeclared  fourth  is  smuggled  across  the  Chinese  frontier,  or  stealthily 
conveyed  on  board  vessels  lying  in  the  Pacific  harbours. 

As  before  mentioned,  the  Lena  district  is  at  present  the  most  important 
gold-producing  area  in  Siberia.  The  rigorous  climate  does  not  allow  of  the 
hundred  or  so  placers  being  worked  during  the  winter,  although  some  under- 
ground exploration  and  driving  of  headings,  etc.  is  done  then.  The  land,  not 
having  been  brought  under  tillage,  yields  no  food;  and,  besides  the  work- 
people themselves,  provisions,  stores,  everything  in  short,  except  timber,  have 
to  be  brought  thither  from  enormous  distances.  Wages  are  comparatively 
high — including  the  market  value  of  the  food  supplied,  they  average  6s.  to 
6s.  8d.  fier  diem.  In  the  working  season  of  100  days  one  workman's  output 
will  amount  to  25'72  ounces  troy  of  gold.  Taking  as  an  example  the  Olekma 
and  Yitim  portion  of  the  district,  highly  folded  schists  and  sandstones  of 
Cambrian  and  Lower  Silurian  age  are  capped  locally  by  Pliocene  and 
Quaternary  deposits.  The  ancient  rocks  are  rich  in  auriferous  pyrites,  con- 
taining as  much  as  5  to  7'5  parts  of  gold  per  10,000,  and  they  are  believed  to 
be  the  source  from  which  the  placers  derived  their  materials.  The  percolation 
of  surface-waters  during  the  emergence  of  the  area,  in  the  long  ages  which 
elapsed  between  the  close  of  Palaeozoic  and  the  end  of  Tertiary  times,  probably 
gave  rise  to  auriferous  quartz-veins  in  the  fissures  of  the  rocks.  These  veins 
were  weathered  away  during  the  Glacial  jDeriod,  and  their  constituents 
accumulated  into  the  older  and  richer  series  of  placers,  with  a  general  north- 
easterly and  south-westerly  trend.  These  placers  lie  deeply  buried  beneath 
a  double  succession  of  Glacial  deposits,  which  are  in  turn  overlain  by  the 
auriferous  alluvia  of  the  modern  rivers.  Fhiviatile  erosion  of  the  older 
placers  has  given  rise  to  the  distribution  along  the  present  valleys  of  post- 
Glacial  placers,  shallower  and  poorer  in  gold,  but  less  deeply  buried  beneath 
barren  deposits  (in  this  case  only  gravel  and  peat).  The  older  placers  are 
exploited  by  underground  workings,  the  newer  by  opencast.  The  necessity 
of  thawing  the  deeply  frozen  subsoil  and  the  auriferous  sands  themselves  is 
one  of  the  many  difficulties  with  which  the  Siberian  miner  has  to  contend,  and 
the  underground  galleries  must  perforce  be  very  elaborately  and  carefully 
timbered. 

In  the  Amur  province,  the  chief  centre  of  gold-mining  industry  is  the 
Zeia  river-basin.  Although  it  lies  several  degrees  south  of  the  Lena  district, 
the  climate  is  still  too  rigorous  to  allow  of  a  longer  working  season  than  110 
to  120  days.     The  lower  course  of  the  Zeia  is  navigable  all  the  way  down  to 
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ite  confluence  with  the  Auuir,  near  which  point  is  the  important  town  of 
Blagoveshchensk.  The  Zeia  phicers  are  spread  over  a  belt  about  60  miles 
broad  and  370  miles  long,  trending  east  and  west  parallel  with  the  plications 
oi  the  Stanovoi  Eange :  Ibey  occur  generally  near  the  contaot  ol  gneisses  and 
mica-schists  with  granitic  masses.  The  placers  are  evidently  of  siib-recent 
origin,  shallow,  and  not  deeply  buried  under  barren  deposits,  so  that  the 
workings  are  all  opencast.  The  material  which  constitutes  the  auriferous 
deposits  does  not  appear  to  have  travelled  far.  As  is  the  case  all  over  Siberia, 
the  sluice-boxes  are  made  Ntry  short,  and  contain  no  mercury,  with  the  result 
that  much  finely  divided  gold  is  lost.  Improved  methods  and  appliances 
would  make  it  pay  to  work  deposits  now  considered  exhausted  or  regarded 
as  too  poor.     An  unsuccessful  attempt  at  dredging  was  made  some  years  ago. 

In  the  Yenisei  district,  besides  placers  (the  total  production  of  which  has 
diminished  year  by  year  since  1857)  auriferous  quartz-veins  in  the  ancient 
rocks  are  now  being  worked.  After  a  brief  description  of  the  conditions 
obtaining  in  the  other  areas  previously  enumerated,  the  author  concludes 
that,  on  the  whole,  the  gold-reserves  of  Siberia  are  still  considerable,  and 
that  for  many  years  to  come  production  will  maintain  its  present  level,  with 
perhaps  a  few  fluctuations. 

Silver  and  Lead. — At  present  only  five  argentiferous  deposits  are  being 
worked  in  all  Siberia:  two  in  the  Altai,  one  in  Transbaikalia,  and  two  in  the 
Kirghiz  steppes.  The  abolition  of  serfdom  in  1861,  causing  a  sudden  rise  in 
wages,  struck  a  deadly  blow  at  the  prosi^erity  of  the  Altai  mines,  and  the 
coup  de  grace  was  given  by  the  fall  in  the  value  of  silver.  A  similar  state- 
ment applies  to  the  Transbaikalian  mines,  which,  for  more  than  a  century, 
were  worked  by  convicts.  Now  convicts  are  sent  on  to  Sakhalien  Island, 
where  their  labour  is  largely  hired  by  colliery  companies.  There  is  reason  to 
beHeve  that  in  both  the  Altai  and  Transbaikalia  only  the  very  richest  veins 
have  been  worked  out,  and  that  payable  argentiferous  deposits  remain 
untouched  until  such  time  as  improved  means  of  communication  and  other 
favourable  circumstances  combine  to  attract  attention  to  them  once  more. 

Copper. — The  same  obstacles  arrest  the  progress  of  this  industry  as  those 
which  have  been  hinted  at  in  the  case  of  silver  and  lead.  In  the  Kirghiz 
steppes,  cuprite,  azurite,  malachite,  and  a  whole  series  of  sulphides  occur  at 
the  contact  between  the  porphyrites  and  the  Devonian  grits  and  limestones. 

Cinnabar  and  tin  are  recorded  from  Transbaikalia,  and  :i/ic-ores  have  been 
discovered  in  many  parts  of  Siberia. 

Iron. — Although  a  great  many  occurrences  of  magnetite,  spathic  ore,  and 
haematite  are  recorded  in  Siberia,  not  more  than  six  or  seven  different  deposits 
are  worked  there,  and  those  not  very  actively :  the  total  production  of  iron- 
ore  in  1897  only  amounted  to  about  20,000  metric  tons.  Five  foundries  are  at 
work  (all  in  Central  Siberia)  two  of  which  belong  to  the  Administration  of 
the  Privy  Purse,  while  three  are  the  outcome  of  private  enterprise.  The 
Nikolaievsk  works  are  the  most  important :  they  have  been  in  private  hands 
since  1864,  and  the  plant  has  been  largely  remodelled  of  late  years;  they 
employ  960  workpeople.  The  ore  used  there  is  a  spleudid  brown  haematite 
from  the  Devonian  sedimentaries  of  the  Angara  valley :  the  fuel  is  wood  .•'.nd 
wood-charcoal. 

Coal. — The  total  production  in  Siberia,  during  1897,  amounted  to  55,480 
metric  tons,  four-fifths  of  which  came  from  the  Pacific  coast,  and  nearly  the 
whole  of  the  remaining  fifth  from  the  Kuznetsk  basin.  The  last-named  is  at 
present  the  most  important  coal-field  in  Asiatic  Russia:  it  is  formed  by  an 
outlier  of  true  Coal-measures  amid  the  Devonian  rocks  which  cover  a  vast 
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•extent  of  country,  north  of  the  Altai  massif.  The  coal-field  extends  125  miles 
from  north  and  south  between  the  Alatau  Hills  on  the  east  and  the  Zalairsk 
Hills  on  the  west,  and  is  30  miles  or  so  broad.  On  the  banks  of  the  Tom  (an 
affluent  of  the  Obi),  which  runs  right  through  the  coal-field  from  north  to 
south,  rises  the  town  of  Kuznetsk.  The  Coal-measures  are  about  1,300  feet 
thick,  and  consist  of  an  alternation  of  very  clayey  grey  shales  with  more  or  less 
compact  sandstones.  In  these  occur  a  great  many  seams,  at  least  a  dozen 
of  which  are  more  than  39  inches  thick,  and  one  seam  at  certain  points 
actually  reaches  a  thickness  of  40  feet.  All  the  seams  together  average  a  total 
thickness  of  more  than  95  feet  of  coal.  The  quality  is  good,  but  the  mineral 
has  so  far  been  worked  actively  at  one  point  only — that  is,  at  Kalchughcn,  on 
the  western  lip  of  the  basin,  where  the  seams  are  very  thick.  This  locality 
is  hardly  more  than  30  miles  distant  from  the  Privy  Purse  ironworks  of 
Gurievski,  where  the  coal  has  been  largely  used,  as  such,  and  in  the  form  of 
coke  as  well.  At  present  the  only  available  means  of  communication  are 
rough  corduroy  tracks  through  the  marshy  forest. 

About  60  miles  north  of  the  Kuznetsk  basin,  another  coal-field,  near 
Sujenka,  but  in  immediate  proximity  to  the  Trans-Siberian  Railway,  was 
opened  up  by  exploration-work  in  1897  and  1898,  and  was  expected  to  produce 
in  1899  about  50,000  metric  tons  at  an  estimated  cost  of  8  shillings  per  metric 
ton.  South-west  of  the  Kuznetsk  basin,  pat<-hes  of  Coal-measures  occur  in 
the  Kirghiz  steppes,  and  exploration  work  is  in  active  progress.  So  it  was 
also  in  1898,  near  Xakhotka  bay,  about  30  miles  east  of  Vladivostok,  while  the 
Nadiezhda  coal-field,  about  12  miles  north  of  Vladivostok  was  estimated 
to  yield  in  1899  about  20,000  metric  tons  suitable  for  use  on  the  railway. 
Further,  the  collieries  on  the  coast  of  Sakhalien  are  being  rapidly  developed, 
and  there  are  vast  unworked  deposits  in  the  interior  of  the  island :  the  price 
of  coal  on  that  coast  does  not  exceed  15  shillings  per  metric  ton. 

Anthracife,  graphite,  and  naphtha  also  occur  in  Siberia.  L.  L.  B. 


THE  ORIGIN  OF  GOLD  IN  MADAGASCAR. 

JSw  FOrigine  de  I'Or  de  Madagascar.  By  A.  Lacroix.  Comptbs-rendu.'i  Hehdoma- 
daires  des  Stances  de  PAcadimie  des  Sciences,  1901,  vol.  cxxxii.,  pages 
180-182. 
Native  gold  occurs  in  the  alluvial  deposits  over  the  whole  area  of  gneissic 
Tocks  in  Madagascar,  but  exploration-work  has  so  far  been  concentrated  on 
the  central  massif  of  the  island.  Quartz-veins,  the  usual  primary  matrix  of 
alluvial  gold,  have  not  been  much  studied  up  to  the  present  in  the  new  French 
colony,  and  little  is  known  definitely  about  them  there,  excepting  three  veins 
which  were  actually  worked  in  the  neighbourhood  of  Suberbieville  before  the 
annexation.  The  author's  opinion  is  that  much  of  the  Madagascar  alluvial 
gold  is  really  derived  from  a  gneiss  of  which  it  was  a  normal  constituent. 
The  only  other  known  occurrence  of  native  gold  as  a  primary  constituent  of 
gneiss  is  in  the  Campanha  district  of  Minas  Geraes  (Brazil).  Btit  several 
examples  are  known  of  the  occurrence  of  gold  in  granitic  magmas,  and  there- 
fore the  author  is  not  surjjrised  to  find  it  in  siich  crystalline  schists  as  those 
of  Madagascar,  where  the  infliience  of  eruptive  granite  is  traced  at  every  step. 
Moreover,  the  auriferous  qiiartz-veins  of  the  island  are  manifestly  connected 
in  some  way  with  the  granite,  for  parts  of  them  are  masses  of  rock-crystal 
■with  inchisions  of  tourmaline  and  muscovite. 
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Gold  has  been  found,  and  should  be  further  sought,  in  the  laterite  (or  red 
earths,  which,  in  Madagascar,  as  in  many  other  tropical  countries,  is  the  result 
of  the  decomposition  in  situ  of  felspathic  rocks  of  every  description  (gneiss, 
granite,  etc.).  The  biggest  nuggets  as  yet  obtained  in  the  island  were  got 
from  this  laterite;  they  are  quite  "unrolled,"  and  are  doubtless  there  in 
their  original  matrix. 

Moreover,  in  the  magnetifcrous  quartzites,  the  principal  source  of  iron-ore 
in  Madagascar,  native  gold  occui-s  in  just  the  same  way  as  the  magnetite — 
that  is,  it  encrusts  the  quartz-grains  or  is  completely  enveloped  by  them. 
It  is  intimately  associated  with  the  magnetite,  and  is  doubtless  one  of  the 
primary  constituents  of  the  rock.  L.  L.  B. 


GALENA  ASSOCIATED  WITH  VANADIUM  AND  MOLTBDENUM- 
OEES  IN  ARGENTINA. 

Bleiglanz;  Vanadin-  und  Molyhddnerzgang  in  der  Provinz  San  Luis,  Argentinien, 
Siidnmerika.  Bi/Dr.  W.  Boden'ben'DER.  Zeitschrift  filr  Praktische  Geologie, 
1901,  vol.  i.v.,  pages  52-00. 

The  quartz-vein  which  exhibits  this  uncommon  mineral  association  was 
discovered  not  long  ago  in  the  province  of  San  Luis.  At  the  outcrop  it  is 
about  6h  feet  thick,  strikes  northwestward  with  a  vertical  pitch,  and  cuts 
through  phyllite.  The  vein  is  divisible  into  six  different  bands  on  either 
side  of  its  central  axis.     Beginning  with  the  outermost,  we  find:  — 

1. — Compact  or  porous  quartz  with  limonite,  haematite,  and  a  minute 
proportion  of  gold. 

2. — A  compact  or  cavernous,  granular  or  homogeneous,  red  or  brown  mass, 
consisting  of  silica,  iron-oxide,  and  carbonates  of  lime  and  lead.  In  this  are 
nests  and  druses  of  plumbo-calcite,  which,  on  analysis,  is  shown  to  contain 
phosphates  and  molybdenates ;  the  hollows  in  this  gangue  are  in  part  occupied 
by  chrysocolla,  cerussite,  quartz,  vanadinite,  molybdeno-silicate  of  copper,  etc. 

3. — A  compact,  homogeneous,  black-grey  layer  consisting  chiefly  of  car- 
bonate of  lead,  with  calcite,  small  quantities  of  galena,  copper-pyrites,  iron- 
ore,  and  very  little  quartz. 

4. — An  extremely  thin  band  (only  about  0-20  inch)  of  sulphate  of  lead  of  a 
greyish-white  colour.     Sometimes  this  pinches  out  altogether. 

5. — A  compact,  homogeneous,  black  or  dark  blue  layer,  consisting  of 
sulphides  of  lead  and  copper  mingled  with  plumbic  sulphate.  This  gradually 
jjasses  into 

6. — ^Where  small  crystals  of  galena  dispersed  in  a  greyish-white  mass  of 
lead  sulphate  pass  little  by  little  into  the  coarse-grained  galena  which  forma 
the  core  of  the  vein. 

Very  near  the  spot  to  which  the  foregoing  description  applies,  and  working 
on  the  same  vein,  large  masses  of  plumbo-calcite  were  got,  mostly  free  from 
quartz  and  limonite,  but  encrusted  with  red  iron-ochre.  In  this  plumbo-calcite 
were  tahuke  and  nests  of  a  lemon-yellow  and  orange-yellow  mineral  which 
proved  to  be,  if  not  actually  wulfenite  (a  molybdenum  mineral),  at  least 
closely  akin  to  it;  and  this  was  associated  with  tiny  crystals  of  a  vanadium- 
lead  mineral.  The  author  regards  the  vanadinates  as  the  latest-formed 
secondary  products  in  this  vein;  the  whole  ore-body  being  the  outcome  of 
successive  deposition  of  metallic  and  non-metallic  compounds  from  aqueous 
solutions  percolating  into  a  fissure.       The  ferruginous  and  auriferous  quartz 
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was  the  first  mineral  to  be  deposited;  it  is  possible,  indeed,  that  it  filled  up 
the  whole  of  the  origiual  fissure,  but  that  this  was  reopened  later  after  partial 
shattering  and  smashing  up  of  the  quartz. 

The  order  of  deposition  may  be  inferred  from  the  enumeration  (abstracted 
above)  of  the  various  layers  which  go  to  form  the  vein.  The  genesis  of  the 
vein  seems  to  be  connected  in  some  way  with  that  of  the  pegmatites. 

After  pointing  out  that  bismuth-ores  in  the  same  province  of  San  Luis, 
previously  reported  as  occurring  in  gneiss,  really  occur  as  veins  in  pegmatite, 
the  aiithor  remarks  that  vanadium  minerals  are  widely  distributed  in  the 
mountains  of  that  province  and  Cordoba,  but  nowhere  do  they  occur  in  large 
masses.  They  seem  to  disappear  in  depth,  while  galena  usurjis  the  pre- 
eminence. The  prospect  is  not  encoiiragiug  for  mining  enterprise  exclusively 
directed  to  the  vanadiiim  minerals,  and  workings  begun  but  a  short  while 
since  have  been  abandoned.  L.  L.  B. 


lEON-OEE  DEPOSITS  OF  VANCOUYEE  AND  TEXADA  ISLANDS. 

Iron-ore  Deposit-'i  of  Vancouver  and  Texada  Islands.  By  Wji.  M.  Brewer, 
The  Engineering  and  Mining  Journal  (Neiv  York),  1900,  vo/.  Ixix.,  page  526. 

The  possibilities  of  extensive  iron-  and  steel-works  on  either  Vancouver  or 
Texada  Island  have  never  been  thoroughly  discussed.  Californian  capitalists, 
being  impressed  several  years  since  with  the  importance  of  the  iron-ore 
deposits  on  Texada  Island,  secured  a  large  tract  of  land  by  Crown  grant  from 
the  Provincial  Government.  The  same  syndicate  erected  a  charcoal  blast- 
furnace at  Irondale,  Washington,  and  for  a  time  manufactured  pig-iron  of 
very  superior  quality.  For  some  commercial  reason  the  furnace  was  blown 
out,  but  a  small  gang  of  men  was  kept  on  jjrospecting-work.  At  a  level  of  277 
feet  below  the  workings  from  which  the  ore  was  originally  extracted,  it  has 
been  determined  that  a  good  grade  of  iron-ore  occurs,  the  body  being  aboiit 
70  feet  thick.  This  is  the  deepest  work  so  far  done  on  any  part. of  the  iron-ore 
deposits  on  either  island.  The  ore  is  magnetite  with  phosphorus  below 
the  bessemer  limit,  and  it  occurs  at  the  contact  of  crystalline  limestone  and 
diorite.  Along  the  line  of  strike,  the  outcrop  can  be  traced  for  about  IJ 
miles;  it  forms  prominent  bluffs  in  many  places,  and  there  is  every  indication 
that  the  deposit  is  of  vast  magnitude. 

On  the  west  coast  of  Yancouver  Island,  iron-ore  very  similar  to  that  found 
on  Texada  Island  occurs  near  Sechart  Landing,  as  well  as  on  Copper  Island. 
It  is  estimated  that  there  are  6,000,000  tons  of  iron-ore  in  sight  on  Copper 
Island.  At  the  Sechart  deposits,  iDrospecting  has  been  carried  on  for  the  past 
few  years,  and  the  owners  estimate  a  vast  quantity  of  ore  in  sight.  For  the 
manufacture  of  iron,  copiDer-contents  in  the  ore  dejjreciate  its  value,  but  the 
results  of  deeji  working  on  the  iron-ore  deposits  on  Texada  Island,  should 
encourage  further  exploration,  for  the  co25per-values,  instead  of  increasing, 
have  disappeared  entirely. 

On  the  west  coast  of  the  mainland  of  British  Columbia,  80  miles  north  of 
Yancouver  Island,  another  ore-deposit-  of  magnetite  occurs  between  granite 
and  limestone.  This  ledge  of  iron-ore  is  30  feet  wide,  and  the  limestone  on 
the  foot-wall  side  about  40  feet  wide.  The  average  of  several  analyses  gave 
about  70  per  cent,  of  metallic  iron  and  O'Ol  per  cent,  phosphorus. 

Crystalline  limestone  of  apparently  the  same  grade  as  that  so  successfully 
used  at  present  for  flux  occurs  in  close  proximity  to  all  the  iron-ore  deposits, 
and  a  good  grade  of  coke  is  available  on  the  east  coast  of  Yancouver  Island. 
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There  are  also  in  the  vicinity  of  Port  McNeill  coal-fields  which  have  never  yet 
been  opened,  and  on  the  north-west  coast  of  the  Island.  There  are  extensive 
fields  of  anthracite  on  Queen  Charlotte  Island:  they  have  not  yet  been 
■opened,  but  experts  report  that  the  seams  are  of  great  thickness,  one  measur- 
ing 18  feet.  X.  T.  Z. 

GOLD-FIELDS  OF  WESTERN  ONTARIO. 

The  Gdd-fidd-i  of  Western  Ontario.    By  J.  D.  Lowry.   T/ie  Enyinetrimj  and  Mining 
Journal  (Xtw  York),  1900,  vol.  l.r.v.,  page  246. 

The  gold-fields  of  Western  Ontario  extend  from  the  Province  of  Manitoba 
on  the  west  to  Lake  Superior  on  the  east,  and  from  the  international  boundary- 
line  on  the  south  to  a  line  130  miles  north,  covering  an  area  of  30,000  square 
miles.  The  whole  region  is  still  practically  a  virgin  field.  The  ore  is  nearly 
all  free-milling,  from  80  to  90  per  cent,  of  the  gold  being  saved  by  amalgama- 
tion, while  from  10  to  20  per  cent,  of  it  is  found  associated  with  sulphiir  or 
iron-pyrites.  The  cost  of  treating  the  latter  compounds,  however,  is  com- 
paratively small.  The  quartz  occurs  in  lenticular  and  also  in  true  fissure- 
veins,  the  former  being  bedded  in  walls  of  green  chloritic  and  horubleudic 
schist,  and  the  latter  in  walls  of  eruptive  granite  or  gneiss. 

After  referring  to  various  successful  operations  under  way  in  the  region,  the 
writer  enumerates  its  advantages  as  follows  :  — (1)  The  ore  is  practically  all  free- 
milling,  and  from  actual  tests  of  the  gold  has  averaged  about  .£3  2s.  6d.  (15 
dollars)  to  the  ton,  while  the  cost  of  working  and  treating  is  estimated  to  be 
only  6s.  3d.  (1^  dollars)  to  17s.  (4  dollars)  per  ton.  (2)  Thejre  is  abundance  of 
water  for  power  and  other  purposes.  The  whole  region  is  a  network  of  lakes 
and  streams,  which  afford  excellent  means  of  communication  and  transporta- 
tion. The  power-resources  are  almost  unlimited.  As  an  example,  the  Keewatin 
Power  Company  is  installing  one  of  the  greatest  water-power  plants  in  the 
world.  By  the  erection  of  an  immense  dam  they  have  converted  the  Lake 
of  the  Woods  into  a  reservoir  3,000  square  miles  in  extent.  (3)  There  is 
abundance  of  timber  for  both  building  and  fuel  purposes.  As  fuel,  it  can 
be  laid  down  at  the  mines  at  a  cost  not  exceeding  6s.  3d.  (Ik  dollars)  per  cord, 
and  it  is  also  relatively  cheap  for  building  purposes. 

The  climate  is,  on  the  whole,  very  good,  though  very  cold  in  winter. 
Mining  operations  are  carried  on  all  the  year  round.  As  a  field  for  labour, 
wages  are  good  and  living  expenses  comparatively  small.  The  mining  laws  are 
liberal.  And  lastly,  while  the  whole  region  is  principally  a  gold-producer, 
good  iron-ores  have  been  found  in  both  the  Rainy  River  and  Thunder  Bay 
districts,  and  in  the  latter,  silver,  cojiper  and  lead  have  also  been  found. 

X.  Y.  Z. 

LEWIS  RIVER  COPPER  DISTRICT,  YUKON  TERRITORY. 
Zewi'i  River  Copper  District,  Yukon  Territory.  By  W.  M.  Brewer.  The  Enginee7-ing 
and  Mining  Journal  (Xew  York),  1900,  vol.  Ixix.,  page  376,  ivith  a  map. 
On  July  5th,  1898,  Mr.  John  Mclntyre  discovered  the  out-croppings  of 
bornite  and  copper  carbonates  about  3^  miles  distant  from  White-horse 
rapids  on  the  Lewis  river.  The  geological  formation  is  principally  granite 
and  limestone,  with  some  felsite-dykes.  The  outcrops,  portions  of  which 
are  very  high-grade  bornite-ore,  are  of  enormous  extent,  and  indicate  the 
occurrence  of  very  extensive  bodies  of  copper-ore.  These  oiitcrops  usually 
occur    at    the    contact,    either    between    limestone    and    felsite,    or    between 
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granite  and  limestone.  The  outcrop  is  described  as  haematite,  impregnated 
with  malachite  and  azurite-crystals.  The  malachite  assays  about  17  per 
cent,  of  copper,  while  the  bornite  carries  as  high  as  64  per  cent.  The 
majority  of  the  assays  yield  both  gold  and  silver  values.  The  timber 
and  water-suj^ply  of  the  district  are  fairly  good,  and  ample  for  all  purposes 
for  some  time  to  come.  The  mineral  zone  in  which  these  discoveries  have 
been  made  is  apparently  continuous  for  a  long  distance  westward. 

X.  Y.  Z. 


CERULEITE:   A  COPPER- ARSENIC  MINERAL  FOUND  IN  CHILE. 

Sur  tine  Nouvelle  Espece  Miii4rah :  la  C4ruleite.  By  H.  Dufet.  Bulletin  de  la 
SocUte  Fran^aise  de  Mineralogie,  1900,  vol.  xxiii.,  pages  147-150. 

The  mineral  was  found  by  the  author  among  a  number  of  specimens 
brought  from  the  Emma  Luisa  gold-mine  at  Hiianaco,  province  of  Taltal, 
Chile.  It  is  of  a  turquoise-blue  colour,  of  clayey  aspect  in  the  mass,  consist- 
ing of  numerous  minute  rod-like  crystals.  The  specific  gravity  is  2' 803,  and 
chemical  analysis  shows  that  the  mineral  is  a  hydrated  arseniate  of  copper 
and  alumina  corresponding  exactly  to  the  formula  CuO,  2AI0O3,  As^Os  +  SH^O. 
It  is  soluble  in  nitric  acid  and  hydrochloric  acid;  but  a  concentrated  solution 
of  ammonia,  which  attacks  most  copper  arseniates,  has  no  action  on  this 
particular  mineral.  Ceruleite  is  associated  with  a  white  clay,  which  proves 
to  be  a  hydrated  silicate  of  alumina,  containing  about  2  per  cent,  of  arsenic 
pentoxide. 

The  characteristic  mode  of  occurrence  of  the  Huanaco  gold  is  shown  in 
both  the  ceruleite  and  the  clay :  the  precious  metal  is  found  (in  the  proportion 
of  1  per  cent.)  in  small  flakes,  arranged  in  parallel  lines  along  certain  planes 
w-hich  traverse  the  ceruleite,  and  dispersed  in  the  mass  of  the  whit«  clay  or 
encrusting  fissures  in  it.  L.  L.  B. 


COPPER-ORES  OF  CERRO  DE  PASCO,  PERU. 

Le  Gisement  de  Gerro  de  Pasco,  P4rou.  By  L.  Gascuel.  Annales  des  Mines, 
1900,  ■■series  9,  vol.  xvii.,  pages  660-681,  and  one  ptlate. 

Cerro  de  Pasco  is  situated  in  a  kind  of  basin-shaped  depression  at  an 
average  altitude  of  14,000  feet  among  the  high  plateaux  of  the  Andes,  in 
south  latitude  10  degrees  43  minutes  and  west  longitude  75  degrees.  It  is 
186  miles  north-east  of  Lima  as  the  crow  flies.  In  this  depression,  several 
rivers  belonging  to  the  Amazon  watershed  take  their  rise,  among  them  being 
the  Huallaga,  one  of  the  most  considerable  tributaries  of  the  Maranhao.  A 
railway  jotirney  of  12  hours  from  Lima  carries  the  traveller  up  to  Oroya,  at 
the  southern  extremity  of  the  Pasco  plateau,  whence  it  is  a  two  days'  journey 
on  horseback  to  Cerro. 

The  ore-deposits  of  this  region  were  worked  for  silver,  from  the  datfe  of  their 
discovery  in  1630  up  to  within  the  last  few  years.  But  falling  prices,  the 
drowning  of  several  of  the  mines,  and  their  general  bad  condition  as  the  result 
of  unmethodical  and  wasteful  working,  had  combined  to  accelerate  the  decay 
of  the  silver-mining  industry  of  Cerro  de  Pasco,  when,  about  midsummer  1898, 
a  mine-owner,  more  enterprising  than  liis  fellows,  despatched  for  sale  to 
Europe  a  few  tons  of  the  hitherto  despised  and  neglected  copper-ores.  These 
proved  to  be  very  rich,  and  secured  a  high  price :  consequently  there  is  now 
a    great    revival    of    mining    industry    at    Cerro,    with    the    difference    that 
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claims  are  worked  for  copper  instead  of  silver.  The  two  most  important  ore- 
bodies  are  essentially  veins  at  the  contact  between  eruptive  and  sedimentary 
rocks;  some  considerable  veins  occur  also  in  the  dark-blue  Cretaceous  lime- 
stones of  the  neighbourhood,  and  a  great  number  of  parallel  veins  of  less 
importance  in  the  dacite  or  quartz-andesite.  On  the  whole,  the  Cerro-de- 
Pasco  ores  are  the  result  of  the  infilling  of  numerous  fissures  in  the  contact- 
zone  by  very  hot  siliceous  waters  charged  with  metalliferous  substances,  a 
process  of  infiltration  which  accompanied,  or  followed  close  iipon,  the  welliug- 
up  of  the  eruptives  and  the  formation  of  the  fissures.  Not  only  did  the 
siliceous  fluid  fill  these  up,  but  it  (or  its  vapours)  mineralized  and  metamor- 
phosed the  surrounding  rocks  over  a  periphery  the  extent  of  which  varied 
according  to  the  permeability  and  facility  of  decomposition  of  the  rocks. 

The  outcrop  of  the  ore-bodies  consists  of  a  very  impure  quartz,  highly 
ferruginous,  and  full  of  pulverized  debris  of  the  country-rock.  Atmospheric 
agencies  have  done  their  work  in  breaking  down  the  metallic  sulphides,  and 
the  copper-ores  now  got  have  been  produced  by  complex  chemical  reactions 
between  waters  charged  with  cupric  sulphate  (the  oxidation-product  of  the 
chalcopyrite)  and  the  various  substances  met  with  as  these  meteoric  waters 
percolated  downward  through  the  rocks.  So  it  comes  about  that  the  richest 
and  most  extensive  masses  of  copi^er-ore  occur  at  or  near  those  points  where 
the  richest  silver-ores  were  formerly  found. 

The  present  annual  production  of  silver  from  Cerro  de  Pasco  is  at  most 
643,000  ounces  troy,  the  greater  part  of  which  is  got  by  treating  the  old 
residues:  these  contain  from  3  to  5  parts  of  silver  per  10,000.  Half-a- 
century  ago  the  annual  production  was  four  or  five  times  as  great.  By  adding 
hyposulphite  of  soda  to  the  torta  (after  one  day's  trampling  by  horses),  and 
mercury  on  the  third  day,  metallic  silver  is  got  out  of  the  amalgam  after  4 
days,  whereas  the  old  system  of  patio  treatment  took  at  least  50  days.  It  is 
true  that  the  new  method  does  not  exhaust  the  ore  of  its  silver  quite  so 
thoroughly  as  the  old. 

The  cupriferous  ores  now  so  actively  worked  are  complex  sulphides,  con- 
taining besides  copper,  variable  proportions  of  arsenic,  antimony,  iron,  lead, 
zinc,  bismuth,  and  a  trace  of  silver,  together  with  much  silica.  They  vary 
much  in  texture,  being  in  some  cases  a  mere  pulverulent  earth  which  blackens 
the  fingers,  in  others  an  apparently  half-molten,  extremely  hard,  black  rock. 
Their  average  content  in  copper  is  20  per  cent.,  carefully  picked  lots  yielding 
40  to  50  per  cent.  These  sulphiiretted  ores  are  termed  vietal  negre,  while  the 
term  metal  de  color  is  applied  to  the  oxidized  ores  met  with  in  some  parts  of 
the  district.  The  latter  comprise  carbonates,  sulphates,  black  and  red  copper- 
oxides,  and  small  quantities  of  native  copper  with  whicli  some  native  silver 
is  rarely  associated.  The  copper-content  of  the  metal  ch:  color  also  averages 
20  per  cent.,  but  it  varies  up  to  a  maximum  of  60  or  70  per  cent. 

At  present  the  monthly  output  of  copper-ore  in  the  Cerro  de  Pasco  district 
amounts  to  2,500  tons :  half  or  more  of  this  quantity  is  rich  ore  (assaying  to  a 
minimum  of  25  to  30  per  cent.),  which  it  pays  to  export.  A  small  portion  of 
the  remainder  is  converted  into  matte  by  a  single-fusion  process  in  rever- 
beratory  furnaces  recently  built  at  Cerro. 

The  author  thinks  that  it  will  never  be  possible  to  sink  shafts  or  drive 
regular  galleries  on  the  European  plan  in  these  old  mines,  as  they  were  so 
unmethodically  and  wastefully  worked  during  two  centuries  and  a  half  that 
they  now  resemble  a  huge  warren,  full  of  unfathomed  cavities  and  broken- 
down  pits  blocked  up  with  slipped  masses  of  rock  and  earth.  Of  course,  no 
old   plans  of   workings  are   extant,   if  they   ever  existed.     The   underground 
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miiiiug  is  done  by  natives  (Peruvian  Indians)  on  the  piecework  system :  the 
maximum  cost  of  labour  works  out  at  about  12s.  per  metric  ton  of  ore, 
and  the  average  cost  of  the  ore  brought  to  bank  is  10s.  per  ton.  The  only 
other  charges  are  the  State  tax  of  =£3  10s.  per  annum  for  each  mine,  and  the 
salary  of  a  white  overseer  (?)  varying  from  £6  to  =£8  per  month. 

In  conclusion,  the  author  points  out  that  the  continued  prosperity  of  the 
Cerro  de  Pasco  mineral  industry  really  depends  on  the  deeper  parts  of  the 
deposit,  which  are  hitherto  untouched.  These  it  will  be  possible  to  explore 
and  win  on  a  rational  system.  No  exploration-work  has  so  far  been  done  in 
them,  but  it  is  known  that  they  will  require  heavy  drainage :  the  initial 
expenditure  attendant  on  the  opening  up  of  deep-level  mines  will,  therefore,  be 
great.  On  the  other  hand,  it  may  be  mentioned  that  within  a  radius  of  30 
miles  round  Cerro  are  extensive  deposits  of  coal,  merely  the  surface  of  which 
has  been  scratched  so  far.  L.  L.  B. 


NOME  GOLD-FIELDS,  ALASKA. 
(1)  Some  yotes  on  Nome,  Alaska.     By  Paul  F.  Travers.      The  Engineering  and 

Mining  Jonrnal  {New  York),  1900,  rol.  Ixix.,  pages  105-106,  n-ith  2  ilhistra- 

tions  in  the  text. 
The  Nome,  Alaska,  gold-field  was  discovered  in  1898.  The  jjlace  was  then 
named  Anvil  City,  but  was  afterwards  renamed  Nome.  A  recorder's  office  was 
established  on  the  shore,  and  1,250  claims  staked  out  by  power  of  attorney, 
but  the  writer  believes  that  1,200  of  these  claims  are  fictitious.  A  claim  covers 
1,320  feet  by  660  feet  or  an  area  of  20  acres.  Practically,  it  is  always  winter 
at  Nome,  and  it  is  wet  and  foggy  at  all  times.  The  beach  is  free  to  everyone, 
as  the  Government  will  not  grant  locations  thereon.  It  recognizes  squatter 
rights  and  protects  miners  while  they  work.  The  gold  is  about  evenly  dis- 
tributed in  this  beach-sand,  for  a  distance  of  100  miles,  and  will  pay  on  an 
average  £4:  (20  dollars)  a  day  to  a  man  with  a  rocker.  X.  Y.  Z. 

{2)  Gold  and  Gold-hearing  Sands  from  Nome,  Alaska.  Z?^  Oliver  Roberts.  The 
Engineering  and  Mining  Journal  {New  York),  1900,  vol.  Ixix.,  page  104. 
The  gold  is  very  fine,  and  as  soon  as  it  comes  in  contact  with  water,  it 
rises  to  the  surface  as  leaf-gold  and  floats  off.  It  does  not  amalgamate 
readily,  and  it  will  apparently  be  necessary  to  work  the  concentrates  by  the 
cyanide  process.  In  that  case,  they  must  be  taken  to  fresh  water,  as  the 
cyanide  process  cannot  be  worked  with  sea-water.  Fine  copper  sulphides 
in  the  concentrates  will  foul  the  potassium  cyanide  and  prevent  it  from  dis- 
solving the  gold.  The  subjoined  table  gives  the  results  of  assays  made  by 
the  writer :  — 

1.  Concentrates  from  bea(.h-sand  between 

high  and  low  water-mark    ... 

2.  Concentrates  from  Nome 

3.  Sand,  ballast  of  ship  J //^('oH 

4.  Do.,  ballast  of  another  ship  ... 

5.  Do.,  brought  from  Nome  in  sack    ... 

6.  Do.,  do.  do. 

7.  Do.,  from  No.  9  claim,  Glacier  Creek. 

This  sand  concentrates  up  to  14-8 
per  cent. 

8.  Coarse  stuff.     Schist,  slate,  and  quartz 

pulverised 

9.  Gates  and  Jaques  claim,  washed  in  pan 

with  quicksilver 


Gold  per  Tod 
Ounces. 

£ 

Value 
s.     d. 

per  Ton. 
Dollars. 

26 -.30 

87-50 

0-01 

0-01 

0-25 

14-60 

113 

377 

0 

0 

1 

62 

6 
17 
0 
0 
1 
17 

0 

0 
10 
10 

6 
0 

543-62 

1,808-62 

0-21 

0-21 

5-16 

301-78 

39-00 

168 

7 

0 

808-13 

0-50 

•2 

3 

0 

10-33 

105  07 

452 

9 

0 

2,171-71 
X.  Y.  Z. 
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PETROLEUM  IN   CALIFORNIA. 

The    Genesis  of  Petroleum   and   A'^phaJfum    in    California.      By  A.    S.    Cooper. 
Galifoiiiiii  Sf'tte  Alining  Bureau,  Bulhtin  No.  16,  1899,  pages  1-89. 

This  paper  is  partly  a  theoretical  discussion  of  the  subject  iudicatcd  by 
its  title,  and  partly  an  elementary  treatise  on  prospecting  for  mineral  oils 
and  allied  substances.  Incidentally,  a  considerable  amount  of  information 
is  given  as  to  the  stratigraphical  conditions  of  many  Californian  localities 
at  which  petroleum  and  asphalt  are  known  to  occur.  All  the  coals,  lignites, 
and  carbonaceous  shales  in  that  state  are  of  Cretaceous  or  Tertiary  age,  and 
the  known  accumulations  of  petroleum  are  found  in  the  same  rocks,  where 
these  are  folded  into  domes  and  anticlinal  arches,  and  where  they  consist 
of  more  or  less  porous  rocks  such  as  soft  shales  and  sandstones.  The 
petroleum  has,  however,  no  connexion  with  the  above-mentioned  coals,  etc., 
but  has  migrated  to  the  positions  which  it  now  occupies  from  areas  where 
carbonaceous  deposits  (chiefly  shales)  have  been  metamorphosed.  It  is  the 
heat  developed  during  the  alteration  of  these  rocks  which,  by  distillation 
of  the  carbonaceous  matter,  has  produced  the  bitumens  of  the  oleflne  series 
with  an  asphalt-base  which  are  characteristic  of  California.*  The  distilled 
products  have  circulated  away  from  the  metamorphic  beds  upward  into  the 
unaltered  strata,  and  are  now  situated  wherever  their  rise  has  been  stopjjed 
by  impervious  layers  of  rock.  In  no  case,  the  author  thinks,  are  they  of 
animal  origin.  All  are  derived  from  land  or  sea-plants.  The  unaltered  rocks 
are  those  in  which  alone  petroleum  should  be  sought,  their  actual  age 
being  of  no  significance.  The  presence  of  natural  gas  is  a  very  favourable 
indication.  Surface-subsidences  are  also  indications  of  value,  but  the  oil 
discovered  beneath  them  is  usually  thick  and  heavy.  "White  leached  shales 
and  sandstones  at  the  siirface  often  overlie  bituminous  deposits.  The  axes 
of  anticlines  are  necessarily  favourably  situated  for  trials,  but  those  anti- 
clines which  are  most  likely  to  cover  valuable  oil-deposits  are  the  minor  ones 
running  in  many  various  directions,  rather  than  the  main  lines  of  saddle- 
folds  which,  in  California,  run  north-west  and  south-east  and  are  denuded 
along  their  ridges,  so  as  to  expose  the  barren  metamorphic  rocks.  Nevertheless, 
visible  seepages  of  oil  are  more  frequently  met  with  along  the  flanks  of  the 
main  anticlines.  The  oil-bearing  Tertiary  and  Cretaceous  beds  are  less 
denuded  and  thicker  in  southern  California  than  in  the  north,  and  they  also 
occupy  lower  ground :  hence  there  is  greater  storage-room  for  the  oil  and 
asphalts  in  the  south.  The  Miocene  strata  are  the  richest,  but  the  bitumens 
— either  gaseous,  fluid,  viscous  or  solid,  in  superficial  alluvia,  in  veins  or 
in  porous  or  fissured  rocks — may,  as  already  stated,  occur  in  non-metamorphic 
sedimentary  formations  of  any  age. 

The  paper  is  illustrated  by  29  cuts,  many  of  which  are  instructive  piano- 
sections,  i.e.  combinations  of  longitudinal  sections  in  two  directions  with  a 
birdseye  sketch  of  the  surface. 

In  his  last  paragraph  entitled  "Some  of  the  Fallacies,"  the  author  says: 
"  Clairvoyants  can  see  as  far  into  a  millstone  as  any  one,  but  no  farther. 
Divining-rods  were  first  used  to  detect  perjurers,  but  since  liars  have  com- 
menced to  use  them  they  have  lost  their  virtue  and  are  of  no  value." 

G.  A.  L. 

*  The  corresponding  substances  in  Russia  belong  chiefly  to  the  naphthene  series,  and  those  of 
Pennsylvania  to  the  paraffin  series  with  a  paraffin  base. 
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BUTTE   MINING   DISTEICT,   MONTANA. 

Butte  Mining  District:  Its  Geology  and  History,  and  a  Description  of  the  Vario^is 
Ores  from  which  its  Output  is  derived.  By  Prof.  Arthur  Lakes.  Mines  and 
Minerals,  1900,  i^oL  xx.,  pages  .348-.S50,  vnth  map  and  sections. 

Up  to  1897,  the  value  of  the  mineral  products  of  Butte  was  estimated  at 
d£60,000,000  ($300,000,000).  At  present,  Butte  furnishes  28  per  cent,  of  the 
copper-products  of  the  world,  and  of  this  over  one-half  is  produced  by  the 
Anaconda  company;  gold  furnishes  about  3  per  cent,  of  the  value  of  the 
total  product;   and  silver  is  now  a  by-product  of  copper  mining. 

The  copijer-ores  are  found  in  very  basic  granite.  The  silver-ores  occur 
both  in  granite  and  in  A^ery  acid  aplite.  Quartz-porphyry  occurs  locally  in 
dykes  in  the  copper  area.  The  silver  and  copper  deposits  both  contain  a 
little  gold.  The  cupriferous  veins  always  carry  silver,  and  many  were  origin- 
ally opened  as  silver-mines,  while  towards  the  west,  in  most  of  the  veins,  is  a 
gradual  decrease  of  the  copper-bearing  minerals,  so  that  the  ores  finally 
become  more  valuable  for  silver  and  gold  than  for  copper.  The  copper- 
ores  occupy  a  central  position  in  the  eastern  half  of  the  district.  The 
Alice  and  Lexington  mines  are  1,500  feet  deep,  other  mines  in  the  silver 
belt  are  from  400  to  800  feet  deej) ;  and  most  of  the  large  coi^per-mines  vary 
from  1,000  to  1,500  feet. 

Other  minerals  are  numerous,  including  iron-  and  copper-pyrites,  bornite, 
chalcocite,  enargite,  zincblende,  rhodocroisite,  rhodonite,  covellite,  argentite, 
native  silver,  jiyrargyrite,  hiibnerite,  gypsum,  sericite,  with  various  oxida- 
tion products  of  these.  X.  Y.  Z. 


DANGEROUS  OUTCROPS  IN  PENNSYLVANIA. 

Dangerous  Outcrops  in  PennHylrania.  By  G.  M.  Williams.  Report  of  the  Mines 
Inspector,  Fourth  Anthracite  District,  Wyoming,  U.S.A.,  for  1899. 
Great  danger  in  this  district  is  presented  by  the  possibility  of  a  working 
mine  striking  a  deep  pothole  or  crevice,  or  the  outcropping  of  a  coal-seam 
against  overlying  quicksands.  Evidently  streams  of  water  rushed  in 
torrents  for  ages  over  the  coal-basin  whilst  it  was  yet  a  shallow  valley,  wash- 
ing away  large  areas  of  the  softer  rocks  and  edges  of  coal-seams,  and  pro- 
ducing deep  gorges,  craggy  precipices,  and  potholes.  Subsequently,  the 
bottom  of  the  valley  seems  to  have  slowly  subsided  for  several  hundred  feet 
below  the  level  of  the  then  existing  water-outlets.  Owing  to  this  great  sub- 
sidence, this  valley  became  a  deep  lake,  with  the  river  flowing  through  it. 
During  the  ages  of  its  existence  as  a  lake,  the  river-floods  passing  through 
brought  the  detritus  of  other  regions:  sand,  clay  and  pebbles,  and  deposited 
it  in  the  lake  to  a  depth  of  several  hundred  feet.  Thus  every  hollow,  gorge, 
channel,  and  coal-outcrop  is  buried  deep  under  the  gravelly  deposit.  Subse- 
quently, the  river  slowly  grinding  down  the  inlet-gap  at  Pittston  and  the 
outlet-gap  at  Nantichoke,  the  standing  water  of  the  lake  ran  out,  and  finally 
the  lake  disappeared.  Since  then  the  river  and  every  small  stream  have  been 
wearing  down  and  eroding  their  channels  through  the  gravel  to  their  ^jresent 
level.  To-day,  a  large  number  of  high  sand-hills  dot  the  valley,  and  a 
varying  depth  of  gravel  is  found  everywhere  filling  the  hollows  where  the 
surface  of  the  rocks  below  is  lower  than  the  present  beds  of  the  streams. 
The  outcrops  of  the  coal-seams  are  in  many  instances  buried  under  this 
gravel,  and  wherever  the  gravel  is  at  a  lower  level  than  the  streams,  it  is 
saturated  and  flows  as  freely  as  water,  so  that  the  mining  of  the  coal  becomes 
very  dangerous. 
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Hitherto,  uo  means  has  beeu  discovered  by  which  the  exact  outline  of  a 
coal-ontcrop  or  a  crevice  or  pothole  can  be  located  under  the  detritus,  which 
eliminates  all  traces  of  the  contour  of  the  rock-surface.  The  only  means 
hitherto  used  to  ascertain  the  depth  of  gravel  and  thickness  of  rock  overlying 
seams  is  by  boring,  but  the  area  so  tested  is  too  small  to  yield  very  definite 
information.  A  dangerous  crevice  or  pothole  may  exist  within  a  few  feet 
of  a  bore-hole  and  not  be  discovered.  The  coal-mining  companies  are  boring 
test-holes  from  the  surface  in  advance  of  the  workings,  and  the  mine-surveys 
determine  the  relative  elevation  of  the  workings  in  the  mine,  so  that  the 
thickness  of  rock  separating  the  seam  from  the  quicksand  may  be  calculated. 
One  borehole  proved  the  wash  to  be  over  300  feet  deep,  showing  that  the 
sand-deposit  was  of  much  greater  depth  than  had  formerly  been  supposed. 
Where  a  dangerous  depth  of  gravel  exists  over  the  rock,  it  is  usual  to  leave 
the  coal  unworked  where  the  solid  strata  overlying  the  seam  are  less  than 
100  feet  thick. 

Notwithstanding  such  precautions,  large  bodies  of  quicksand  broke  into 
three  of  the  mines  during  1899.  Fortunately  no  lives  were  lost,  but  this  was 
due  to  existing  conditions  rather  than  to  the  precautions  taken.  After 
describing  some  of  the  accidents  arising  from  this  cause,  the  writer  remarks 
that  from  Glen  Lyon  to  Nantichoke,  the  outcrops  of  all  the  coal-seams  except 
the  two  lowest  are  buried  under  depths  of  gravel  up  to  170  feet  thick.  On 
the  Glen  Lyon  estate,  15  diamond  bore-holes  have  been  made  from  the  surface, 
294  test-holes  with  pipe  and  jumper,  2  ciilm-holes,  and  3  holes  for  signals. 
These  and  other  holes  have  proved  that  a  deep  channel  filled  with  detritus 
to  a  depth  of  100  to  260  feet  extends  from  Glen  Lyon  to  the  Gap  at  Nantichoke. 
There  is  ample  proof  that,  no  m.atter  how  numerous  are  the  bore-holes, 
they  cannot  cover  the  field  so  as  to  furnish  absolute  security  against  accidents. 
But,  on  the  other  hand,  the  writer  asserts  that  if  the  holes  had  not  been 
bored,  many  lives  and  mines  would  have  been  lost.  X.  Y.  Z. 


GILSONITE  IN   UTAH. 

Thf  Hydrocarhons  of  Eastern  Utah,  with  Special  Reference  to  the  Deposits  of 
Ozokerite,  Gilsonite  and  Elaterite.  By  Don  Maguire.  Mines  and  Minercds, 
1900,  vol.  X.V.,  pages  398-400,  with  map  (tnd  3  illustrations. 

About  1881,  during  the  projection  of  the  Rio  Grande  Western  Eailroad 
through  Eastern  Utah,  samples  of  a  black,  tough  substance,  very  much  like 
guttapei'cha,  were  found,  and  also  a  more  brittle  substance  with  a  most 
resplendent  fracture  when  broken.  The  latter  substance  proved  to  be  a 
very  dry  and  jDure  asplialtum;  it  was  tested  by  Mr.  Samuel  Gilson,  and  the 
mineral  was  thereafter  named  gilsonite.  Of  all  the  hydrocarbons  of  Eastern 
Utah,  gilsonite  is  undoubtedly  the  most  valuable,  both  on  account  of  its 
quantity,  and  the  successful  way  in  which  it  is  manufactured  into  varnishes, 
lacquers,  and  mineral  paints  for  steel  and  woodwork  of  every  description. 
Gilsonite  at  first  sold  for  =£24  (120  dollars)  per  ton,  but  the  mineral  now  sells 
at  Price  Station  for  about  il2  (60  dollars)  per  ton. 

The  gilsonite-deposit  worked  near  Fort  Duchesne  is  a  fissure-vein,  6  feet 
wide,  very  regular,  cutting  the  red  sandstone-formation  of  the  country  from 
south-east  to  north-west.  All  the  veins  run  across  the  country  in  the  same 
direction,  and  the  vein  is  invariably  a  vertical  fissure.  Without  doubt,  this 
pure  bright  asphaltum  came  up  from  below,  in  a  liquid  state.  As  it  comes 
from   the  mine,   gilsonite   does  not  require  sorting   or  classifying,    for  it  is 


TRANSACT rOJfS   AND    PERIODICALS.  71 

dry,  black,  and  pure.  The  percentage  cojiiposition  of  gilsonite  is  as  follows : 
Carbon,  78;  hydrogen,  11;  oxygen,  8;  nitrogen,  0-4;  ash,  0'2;  and  loss, 
during  analysis,  2'4.  X.  Y.  Z. 


SILVEE-BEARING  SANDSTONES  OP  SOUTHERN  UTAH. 

Silver-bearing  Sandstones  of  Southern  Utah:  A  Description  of  one  of  the  few 
Localities  where  Silver  is  found  in  a  Sandstone  Formation.  5y  Don  Maguike. 
Miiies  and  Minerals,  1900,  vol.  xx.,  pages  323-324. 

Silver  in  paying  quantities  occurs  in  sandstone  at  Silver  Reef,  Washington 
County,  Utah.  In  1873,  Mr.  John  Barbee  discovered  silver  in  a  sandstone- 
reef  near  the  town  of  Leeds,  about  15  miles  north-east  of  St.  George,  Washing- 
ton county.  Investigation  proved  that  the  country  was  made  up  of  successive 
sandstone-reefs,  each  of  which  carried  more  or  less  silver,  some  of  them  being 
low  in  value,  while  others  ran  to  1,000  ounces  per  ton.  A  small  mill  was 
•constructed,  and  in  a  short  time  was  producing  silver  ingots.  By  1875,  five 
mills  were  employed  in  treating  the  ore,  and  about  1,000  men  were  at  work 
mining  and  milling. 

The  reefs  containing  silver  showed  values  along  their  bedding-planes,  and 
the  rich  mineralization  extends  from  a  few  inches  up  to  2  feet  in  each  of  the 
adjoining  strata.  Usually,  however,  the  highest  values  lay  along  the  con- 
tact, and  at  times  extensive  lenses  of  ore  would  exist  in  such  places  chamber- 
ing into  several  feet  at  their  widest,  and  tapering  down  to  the  thickness  of 
a  knifeblade  at  either  end.  The  silver  taken  from  the  eastern  workings  of 
the  district  was  usually  0-985  fine;  and  from  the  western  workings  near  the 
town,  it  was  only  0'850,  as  there  was  some  copper  present.  In  1883,  a  strike, 
called  by  the  miners'  union,  shut  down  the  principal  mines,  and  the  decline 
in  the  price  of  silver  beginning  soon  after,  the  mines  did  not  resume  work. 

There  are  about  10  square  miles  of  mineral  land,  and  only  the  s^lrface  of 
about  1  square  mile  has  been  prospected.  North-east  of  the  town  of  Silver 
Reef  lies  what  has  long  been  recognized  as  the  richest  part  of  the  area,  but 
owing  to  the  fact  that  water  is  encountered  at  the  depth  of  a  few  feet  in 
this  part  of  the  camp,  no  work  was  ever  done.  X.  Y.  Z. 


COAL-EXPLOSIONS  AT  HAUSHAM,  BAVARIA.* 

Ueber  Storunyen  und  Eigennrlige  Druckerscheintingen  (sogenannt   "  Pfeilerschiisse  " 
oder  "  Kohle7istoss-ecplosionen")  der  Oherhayerischen  Tertidren  Kohlenmidde 
auf  Grube  Hausham.     By  Kabl  Baumgaetneb.     Oesterreichische  Zeitschrift 
fur  Berg-  und  Hiitteniresen,  1900,  vol.  xlviii:, pages  461-466,  476-482,  and  489- 
493,  inith  2  plates. 
The  author  first  gives  an  outline  of  the  conditions  prevalent  in  the  upper 
Bavarian  coal-field: — there  are  two  workable  seams  of  very  inferior  quality, 
containing    much    dirt,    and    one    of    them    is    split   by    a    band    of    variable 
thickness,  with  the  result  that  they  leave  much  ash.       Their  chief  value  lies 
in  their  position,  all  possibility  of  competition  being  killed  by  the  cost  of 
transport.     The   thick   seam    varies  from  2\  feet  to  4J  feet  (70  to  130  centi- 
metres) in  thickness,  and  the  thin  seam    from  IJ  to  2^  feet  (45  to  70  centi- 
metres);  they  lie  at  a  very  high  angle,  in  some  cases  being  vertical.       The 
seams   are   dislocated  locally   by   small    troiibles,    which    seldom   throw   more 

*  Trans.  Inst.  31. E.,  vol.  xix.,  page  527. 
VOL.  XLIX.— 1P99  1900.  U 
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than  the  thickness  of  the  seam,  and  mostly  diji  to  the  north;  the  strikes- 
of  these  tronbles  are  seldom  more  than  1,300  to  2,000  feet  (400  to  600  metres)- 
in  length,  and  are  parallel.  The  author,  after  examination  of  the  direction, 
etc.,  of  these  troubles,  makes  the  deduction  that  they  are  due  to  a  pressure 
from  the  south.  Ihe  roof  of  the  seams  is  framey,  falling  at  intervals  in 
large  masses,  and  the  floor  is  fairly  hard.  Gas  issues  from  above  and  below 
the  seams  and  at  the  troubles,  but  never  out  of  the  coal-seam. 

The  coal  is  worked  by  galleries  driven  on  the  strike  of  the  scam  at  different 
levels,  connections  being  made  by  inclines. 

There  is  a  marked  difference  in  the  nature  of  the  coal  near  the  troubles 
and  that  in  the  undisturbed  areas.  In  the  first,  the  coal  is  soft,  does  not 
require  nicking,  and  can  be  hewn  without  danger;  whereas,  in  the  second, 
the  coal  is  still  more  easily  hewn,  but  with  danger,  as  the  least  kirving  is 
sufficient  to  cause  the  coal  to  crack  and  burst  away,  often  in  such  large  masses 
as  to  endanger  the  life  of  the  hewer.  The  author  quotes  one  case  where  12: 
men  were  buried  alive,  but  ^-escued  with  difficulty,  and  several  men  have  lost 
their  lives  in  this  manner. 

The  bursting  away  or  explosion  of  the  coal  is  due,  in  the  author's  opinion, 
to  the  great  pressure,  and  he  endeavours  to  support  this  theory  on  the  grounds 
that  the  only  places  where  the  coal  is  not  liable  to  exjDlode  are  in  the  neigh- 
bourhood of  troubles,  which  have  at  their  formation  eased  the  pressure. 
Another  point  w^ith  reference  to  this  bursting  of  the  coal  is  that  an  explosion 
in  the  pit  produces  a  shock  like  that  of  a  small  earthquake  at  bank  for 
several  miles  rovmd,  accompanied  by  rumbling  noises.  At  the  same  time, 
the  men  in  other  districts  of  the  pit  are  not  aware  of  the  occurrence,  while  in 
the  affected  area  the  face  falls  and  the  roads  are  lost.  This  points  to  the 
sound  not  travelling  well  in  the  seam,  but  rather  to  its  being  propagated 
in  a  direction  at  right  angles  to  the  seam's  strike.  As  long  as  the  coal  is  not 
kirved  or  the  action  of  the  pressure  started  by  any  other  means,  the  danger  is 
not  apparent,  but  the  least  interference  with  the  coal  causes  it  to  begin  to 
work. 

The  author  describes  some  of  the  precautions  that  are  adopted  at  the 
face  to  minimize  the  chance  of  accident  in  the  event  of  the  coal  bursting 
away.  In  the  thick  seam,  kirving  was  foimd  to  be  too  dangerous  and  shooting 
had  to  be  substituted.  When  tlie  shots  are  fired  ^^wo  distinct  reports 
are  heard,  the  first  being  that  of  the  shot,  and  the  MTiiid  the  crack  of  the 
released  pressure  beginning  its  work.  It  must  be  understood  that  this 
danger  from  the  explosion  of  the  coal  is  greatest  in  the  thick  seam  and  very 
slight  in  the  thin  one,  as  the  packing  in  the  thin  seam  could  be  more  efficiently 
done;  and  this  was  the  means  of  finding  a  more  or  less  successful  remedy  for 
the  danger.  The  experiment  was  tried  of  goafing  the  thin  seam,  preparatory 
to  any  work  in  the  thick  seam :  the  pressure  was  then  found  to  spend  itself 
more  or  less  in  compressing  the  packed  goaf  in  the  thin  seam,  with  the 
result  that  the  thick  seam  could  be  worked  with  safety.  Unfortunately,  the 
thin  seam  is  not  everywhere  workable,  by  reason  of  a  thickening  band  in  the 
middle. 

The  author  summarizes  his  conclusions  as  follows: — (a)  the  driving  of  many 
advance  roads  or  winnings  is  dangerous ;  (b)  good  packing  is  essential ;  (c)  it 
is  undesirable  to  take  out  large  areas  of  coal  at  one  time;  (d)  a  very  gradual 
advance  of  the  face  is  recommended;  (e)  all  roads  and  inclines  should  be 
made  in  the  goaf;  and  (f)  the  thin  seam  should  be  worked  in  advance  of  the 
thick  seam.  C.  H.  M. 
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RHEINLAND  LIGNITE-INDUSTRY. 


Der  Braunkohletiherybaii  Rheinlands.  By  Fred.  Heiman.  Oesterreichische  Zeit- 
schrift  filr  Bery-  unci  HiMtnictsen,  1899,  vol.  xlvii.,  pagen  544-546. 

The  extended  application  of  electricity  as  a  source  of  power  and  light  has 
had  the  efPect  of  stimulating  the  lignite-industry  in  the  Rheinland;  and  a 
number  of  the  mine-owners  have  erected  generating-stations  around  Cologne 
for  the  supply  of  electric  current.  Furthermore,  within  a  radius  of  about 
50  miles,  the  lignite  can  be  delivered  by  rail  at  about  7s.  6d.  (7'50  marks) 
per  truck-load,  provided  the  seller  contracts  to  ship  110,000  tons  per  annum. 
The  lignite  mine-owners  are  thus  able  to  compete  with  ordinary  coal. 

In  and  near  Cologne,  the  consumption  of  lignite  is  largely  increasing,  the 
fuel  being  cheap,  easy  to  handle  in  proper  furnaces,  and  free  from  clinker. 
Large  deposits  of  lignite  occur  in  the  Erft  and  Roer  valleys,  the  Eifel,  and 
many  parts  of  the  highlands,  and  the  local  conditions  render  mechanical 
appliances  unnecessary  for  raising  the  coal.  C.  S. 


COAL-MINING  IN  THE  ASTURIAS,  SPAIN. 
La  Mine  Sou-H-marine  d'Arnao.     By  Alphonse  Dory.     Piddications  de  la  Soci6t6 
des   Inginieurs  sorfii   de   I'Ecole    Provinciale   d'Industrie    et   des   Mines   dio 
Hainant,  1899-1900,  vol.  ix.,  pages  54-71,  with  2  plates. 

The  Arnao  coal-field  constitutes  the  most  ancient  mine  in  the  Asturias, 
the  concession  having  been  granted  on  November  28th,  1833 ;  and  on  February 
11th,  1854,  a  concession  was  granted  for  establishing  zinc-works,  which  still 
exist.  During  the  last  few  years  the  works  have  been  connected  with  the 
Northern  Railway  of  Spain,  by  a  branch  to  the  port  of  Aviles,  San  Juan  de 
Nieva;  and  this  line  is  laid  with  three  rails,  so  as  to  permit  passage  of  the 
small-gauge  trucks,  while  there  is  accommodation  at  the  port  for  discharg- 
ing ore  and  loading  the  finished  products.  The  Arnao  colliery,  which  is  the 
only  one  worked  by  shafts  in  the  Asturias,  produces  yearly  about  50,000  tons 
of  coal,  this  quantity  being  entirely  consumed  at  the  zinc-works. 

Unlike  most  Asturian  coals,  which  are  friable,  dull  and  iridescent,  the 
Arnao  coal,  especially  that  under  the  sea-bed,  is  hard,  bright  and  whitish, 
this  tint  being  due  to  scales  of  calcium  sulphate  covering  the  coal ;  and  some- 
times the  surface  of  the  coal  has  the  appearance  of  concentric  rings.  Analysis 
shows  that  the  coal  contains  from  55  to  60  per  cent,  of  coke,  from  39  to  45 
per  cent,  of  volatile  matter,  and  from  20  to  6  per  cent,  of  ash,  while  the 
proportion  of  coke  without  ash  varies  from  40  to  49  per  cent. 

Levels  from  the  bottom  of  the  winding-and-i^umping  shaft  have  been 
driven  to  the  boundary  of  the  seam ;  and  on  the  sea-side  of  the  shaft,  owing 
to  the  slight  thickness  of  the  barren  rocks,  working  is  carried  on  very  slowly 
and  \vith  every  precaution  for  preventing  subsidences.  Gobbing  material  is 
sent  from  the  surface,  generally  at  night,  by  a  series  of  inclines  having  the 
same  height  as  the  stalls,  most  of  it  being  obtained  from  a  limestone-quarry ; 
but  there  is  also  a  gobbing-shaft  for  sending  down  sand  and  pebbles  from  the 
sea-shore. 

Originally  the  coal  was  removed,  the  roof  allowed  to  fall,  and,  there 
being  no  demand  for  small  coal,  a  great  deal  was  left  in  the  mine.  As  the 
working  was  carried  on  without  any  precautions,  underground  fires  occurred. 

The  water-tightness  of  the  under-sea  portion  is  attributed  to  the  slowness 
with  which  the  working  is  effected  and  the  careful  gobbing,  to  the  existence 
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of  certain  shale-beds  which  crack  and  tissure  when  pressure  comes  down  on 
the  roof,  and  afterwards  swell  on  tlie  sea-water  percolating  into  them.  When 
the  workings  had  reached  the  greatest  distance  to  which  they  have  extended 
under  the  sea,  there  was  a  slight  inburst  of  water.  Analysis  showed  no  trace 
of  salt  in  the  water;  but  soon  afterwards  the  water  became  decidedly  salt. 
Owing  to  this  inburst,  the  under-sea  working  was  abandoned,  la:ge  pillars 
of  coal  being  left  for  its  protection.  J.  W.  P. 


TURQUOISE  MINES  OF  PERSIA. 

The  Turquoise  Mines  of  Persia.  By  H.  L.  Geissel.  Scientific  American,  1900, 
vol.  Lr.vxii.,  page  246. 
About  35  miles  from  Nishapur,  in  the  Khorassan,  are  the  celebrated 
turquoise-mines  of  Persia.  They  are  situated  in  a  mountainous  region  5,000 
to  fi.OOO  feet  above  sea-level,  and  employ  about  1,500  persons.  The  concession 
covers  about  40  square  miles,  and  the  tract  is  exploited  by  a  local  chief  and 
banker,  who  pay  an  annual  rental  of  nearly  ^3,000  (14,000  tomans).  In  former 
times,  the  mines  appear  to  have  been  carefully  worked,  as  remains  of  vertical 
shafts  for  ventilation  are  to  be  seen.  The  present  manner  of  working  is 
primitive  in  the  extreme.  The  Reish  mine  is  very  prodiictive,  but  the  stones 
are  not  of  first-class  quality,  though  every  species  of  stone  finds  a  sale.  Many 
of  the  mine-openings  are  mere  burrows,  barely  large  enough  to  admit  a 
man,  and  such  is  the  case  with  the  Abdar-rezai  mine,  which  formerly  pro- 
duced the  finest  stones  in  the  world.  Good  stones  could  probably  still  be 
discovered,  if  systematic  mining  were  carried  on.  The  soil  seems  to  be 
full  of  turquoise  in  diiferent  stages  of  development,  from  a  cream-coloured 
chalky  siibstance  to  the  variously-shaded  green  and  blue  gems.  The 
approach  of  the  mines  is  strewn  with  fragments  of  the  stones,  and  the  walls 
and  roofs  of  the  galleries  are  seamed  with  turquoise  composition,  but  being 
of  bad  colour  and  full  of  flaws  it  is  valueless.  High  prices  are  now  paid 
for  stones  at  Meshed.  Some  few  years  ago,  fine  turquoise  of  cerulean  blue, 
perfect  shape,  good  size,  and  flawless,  could  be  bought  in  Meshed  for  a  few- 
shillings;  but,  at  present,  as  soon  as  cut,  they  are  exported  direct  to  Moscow. 

X.  Y.  Z. 


GOLD-MINING  IN  NOVA  SCOTIA. 

Gold-mininq  in  Nora  Scotia.  By  G.  W.  Stuart.  The  Einjineering  and  JTinin;/ 
Journal  {yew  York),  1900,  rol.  Lv.v.,  pages  309-311,  "-ith  2  Ulustrations. 

Following  up  Mr.  E.  R.  Faribault's  paper  on  this  subject,*  the  writer 
gives  some  interesting  practical  information.  It  appears  that  the  smaller 
quartz-veins  usually  yield  ore  in  many  cases  attaining  a  value  of  .£40  to  J400 
<200  to  2,000  dollars)  of  gold  per  ton.  The  writer  had  the  rare  experience 
of  mining  and  milling  ore  from  a  vein,  6  inches  thick,  yielding  d£800  (4,000 
dollars)  of  gold  per  ton.  In  working  small  rich  veins,  3  to  5  feet  wide,  it 
has  frequently  been  found  that  the  whole  of  the  rock  excavated  would  have 
paid  to  mill,  even  for  the  free  gold  it  contained,  with  modern  appliances. 

As  the  small  rich  veins  go  deeper,  less  gold  is  obtained  by  the  free-milling 
process,  but  there  is  strong  evidence  that  this  fact  is  due  not  so  much  to 
diminution  of  value  as  to  increased  refractoriness  of  the  ores.     Believing  this 

*  Trans.  Inst.  M.  E.,  vol.  xviii.,  page  497. 
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to  be  the  case,  a  chlorination-plaiit  (the  only  one  in  the  Province)  has  been 
erected  by  the  Brookheld  Mining-  Company  and  the  operating  results  have 
been  most  satisfactory.  The  vein  has  retained  its  width  and  yield  by  the 
chlorination-process  down  to  a  depth  of  65U  feet. 

As  an  illustration  of  different  practical  results  between  old  and  modern 
methods,  it  may  be  noted  that  the  Libby  mine  was  opened,  worked  and 
abandoned  in  the  early  days.  After  a  number  of  years,  a  modern  plant  was 
erected.  In  4  years,  ,£80,000  (400,000  dollars)  of  gold  has  been  obtained.  The 
total  cost  of  mining,  milling,  concentrating  and  chlorinating  the  ore  from  this 
vein,  30  inches  thick,  is  15s.  (3-60  dollars)  per  ton,  which  includes  the  cost  of 
development.     The  yield  is  £1   13s.   4d.  (8  dollars)  per  ton. 

Recently,  several  plants  have  been  erected  capable  of  going  to  a  con- 
siderable depth,  and,  so  far,  none  have  met  with  disappointment.  During 
the  last  25  years,  the  Lake  lode  has  been  worked  and  abandoned  by  several 
small  companies  in  turn.  At  a  depth  of  250  feet,  it  gave  the  low  yield  of 
8s.  4d.  (2  dollars)  per  ton ;  at  a  depth  of  540  feet,  the  lode  has  increased  from 
5  to  15  feet  wide,  and  is  worth  £2  6s.  (11  dollars)  per  ton.  The  Richardson 
lode,  at  Isaac's  Harbour,  has  passed  through  a  similar  experience,  and  is 
a  perfect  illustration  of  the  anticlinal  system  expounded  by  Mr.   Faribault. 

The  Tunnel  or  Barrel  quartz-mine  at  East  Waverley  is,  if  possible,  a  yet 
more  perfect  illustration  of  the  anticlinal  system,  more  interesting  and 
apparently  of  far  greater  value  than  any  of  the  saddle  reefs  opened  up  in  the 
Bendigo  district  of  Australia.  For  this  upper  reef  at  Waverley  (the  only  one 
of  the  series  yet  developed)  at  a  depth  of  465  feet  has  materially  increased  in 
both  quantity  of  ore  and  in  values,  although  at  depths  between  200  and 
300  feet  a  poor  zone  of  insignificant  extent  was  encountered.  X.  Y.  Z. 


NACOSARI  MINES,  SONORA,  MEXICO. 

The  Nacosari  Mines,  Mexico.  By  H.  B.  Laytox.  The  Engineeriiuj  and  Mining 
Journal  (New  York),  1900,  rol.  Ixix.,  pages  678-679  and  101,  n-ifh  6  iUustra- 
tions. 

The  development  of  the  Great  Pilares  copper-mine  and  the  construction 
of  the  big  plants  connected  therewith  have  been  accomplished  under  con- 
ditions, which,  considering  the  size  of  the  undertaking,  would  have  been 
prohibitive  to  less  determined   operators. 

The  property  is  situate  98  miles  south  of  Bisbee,  Arizona.  The  elevation 
of  the  town  site  is  4,000  feet  above  sea-level.  Six  miles  eastward,  is  Pilares 
Mountain,  1,200  feet  higher  than  the  town,  and  the  great  body  of  ore  lies 
in  this  mountain.  Topographically  the  mountain  is  rugged  and  steep,  and 
great  pillars  of  rock  protrude  above  its  crest,  hence  the  name  Pilares. 
The  ore-body  lies  in  an  eruptive  belt  of  trachyte  in  bird's  eye  porphyry 
formation,  capped  with  breccia,  with  perhaps  trachyte  as  a  binder.  The  ore 
is  chalcopyrite  and  siliceous  rock,  although  the  surface-ore  contains  con- 
siderable black  oxide  of  copper.  The  constituents  of  the  average  ore  are : 
silica,  45-50;  alumina,  24-82;  iron,  8-50;  copper,  8-00;  suljihur,  12-25;  lime, 
0"63 ;     and  magnesia,  0-30. 

A  tunnel,  the  sixth  level,  has  been  driven  from  the  terminus  of  the  rail- 
way in  Rosaria  Canon,  it  will  tap  the  main  shaft,  at  a  depth  of  5,000  feet, 
and  it  is  being  driven  by  2  IngersoU-Sergeant  drills.  When  this  tunnel 
is  completed,  all  ore  from  above  will  be  lowered  and  all  from  below  will  be 
hoisted  and  passed  out  through  this  tunnel. 
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Klectricity  is  used  to  drive  the  several  departments  of  the  reduction-plant. 
There  are  8  Crossley  gas-engines,  rated  at  110  horsepower,  worked  by  Loomis 
water-gas.  Each  engine  is  belted  direct  to  a  65  kilowatts,  260  volts,  shunt- 
wound  direct-current  electrii'  generator,  at  a  normal  speed  of  910  revolutions 
per  minute. 

Tlie  concentrator-building  is  a  steel-framo  sheathed  with  corrugated  iron. 
The  mill  is  of  400  tons'  daily  capacity  and  from  mine  to  ingots,  98  per  cent, 
fine,  the  ore  and  metal  pass  through  every  operation  almost  by  gravity. 

X.  Y.  Z. 


EL  REFUGIO  MINE,  DUEANGO,  MEXICO. 

The  Gold  Zone  of  Copalqnin,  Mexico.  By  Frank  B.  Fowler.  The  Engineering 
and  Mining  Journal  {New  York),  1900,  vol.  Ixix.,pages  225-226  and  557-558, 
irith  4  iUttxtrationit. 

The  El  Refugio  mine  was  discovered  in  1849,  and  the  free-milling  ore  was 
treated  in  tajona^  (arra^(ra<  moved  by  horizontal  water-wheels  of  primitive 
construction),  and  by  this  crude  method  yielded  as  high  as  720  pounds  of 
gold  and  silver  electrum  during  two  month's  run,  which  is  said  to  have  been 
for  a  time  the  average  output,  the  richest  ore  yielding  2,000  ounces  per  ton, 
and  the  lowest  grade  milled  4  ounces  of  silver  and  1  ounce  of  gold  per  rarga 
(300  pounds).  The  work  of  systematic  development  of  the  Refugio  mine  has 
been  resumed  since  1897. 

The  mine  is  located  1,150  feet  (350  metres)  above  the  Copalqnin  Creek, 
3,700  feet  (1,130  metres)  above  sea-level,  and  its  plan  of  development  is  that 
of  self-draining  tunnels.  The  ore  contains  12i  oimces  of  silver  and  1  ounce  of 
gold  per  ton. 

The  continuous  process  of  treatment  consists  in  wet  crushing,  amalgamation 
in  the  batteries  by  means  of  chuck-block  plates,  and  concentration  of  pyrites 
and  silver  sulphides  upon  Frue  vanners  and  Wilfley  tables,  of  a  capacity  of 
about  75  tons  per  day.  An  axitomatic  gravity  cableway,  2k,  miles  in  length,  is 
used  for  the  transmission  of  ore  from  the  mines  to  the  mills.  X.  Y.  Z. 


MINING   IN   NICARAGUA. 

Mining  in  Nicaragua.  Bi/  Thomas  W.  White.  The  Engineering  and  Mining 
Journal  [New  Yorh,  1900,  vol.  Icix.,  page  104. 
The  mineral  belt  of  Rama  covers  an  area  from  7  to  12  miles  in  width  and 
not  less  than  25  miles  in  length.  Recent  assays  show  that  the  quartz  contains 
from  128.  to  =£90  (3  to  450  dollars)  of  gold  per  ton  with  a  general  average  of 
about  d£4  10s.  (22|  dollars)  per  ton.  The  mining  district  extends  from  the 
river  bank  back  into  the  mountains,  making  it  only  necessary  to  pack  pro- 
visions from  +  to  3  miles.  Indian,  negro,  and  native  labour  are  paid  £2  to 
i3  (10  to  15  dollars)  per  month  and  board.  The  country  is  healthy,  the 
average  daily  temperature  in  the  mining  caimas  being  about  74°  Fahr.  at 
night  and  80°  Fahr.  at  noon.  X.  Y.  Z. 
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FATAL  ACCIDENTS  IN  COAL-MINES  IN  NORTH  AMERICA. 

Fatal  Accideiits  in  Coal-mining  in  North  America.  By  F.  L.  Hoffmax.  The 
Euijineeriiuj  and  Mining  Journal  (New  York),  1900,  vol.  Ixx.,  page  608. 
lu  1899,  the  death-rate  in  the  coal-mines  of  North  America  was  the  highest 
fiince  1891.  A  number  of  detailed  tables  are  given,  but  tlie  results  are 
summarized  in  the  following  table,  covering  the  decade  ending  with  1899, 
and  embracing  the  whole  area  of  North  America,  including  Canada. 


Year. 

No.  of  Employees. 

No.  killed. 

Death-rate 
per  1,000  Jimployees. 

1890 

288,205 

701 

2-43 

1891 

325,840 

1,076 

3-30 

1892 

342,744 

859 

2-51 

1893 

374,017 

919 

2-46 

1894 

377,626 

934 

2-47 

1895 

387,303 

1,020 

2-63 

1896 

391,990 

1,091 

2-78 

1897 

393,025 

909 

2-31 

1898 

395,553 

1,004 

2-54 

1899 

401,868 

1,200 

2-99 

Totals         3,678,171  9,713     Average  2-64 

The  highest  rate  was  attained  in  the  State  of  Washington,  where  from 
1892  to  1899,  the  average  annual  fatality-rate  per  1,0UU  persons  employed 
reached  9'62;  Kentucky  furnishes  the  lowest  rate  for  the  decade,  namely, 
1"22;  in  Pennsylvania,  the  decennial  rate  for  the  bitiiminous  coai-mities  was 
2'08,  and  that  for  the  anthracite-mines  3' 18. 

The  writer  remarks  that,  while  coal-mining  must  continue  to  be  regarded 
as  one  of  the  most  dangerous  in  the  category  of  hazardous  employments,  it 
would  be  erroneous  to  conclude  that  the  mining  industry  is  more  dangerous 
th^n  any  other.  In  support  of  this  statement,  he  submits,  for  the  same 
decade,  the  fatality-returns  for  the  railway-service  of  the  United  States. 
These  show  that  the  death-rate  per  1,000  is  exactly  the  same  for  railway- 
employees  as  it  is  for  coal-miners.  In  both  cases,  the  decennial  death-rate 
is  2"64.  It  is,  however,  worthy  of  consideration  that,  while  previous  to  1894, 
the  railway  death-rate  was  the  higher,  the  coal-mining  death-rate  has  beeu 
the  higher  of  the  two  ever  sinpe  that  year.  X.  Y.  Z. 


CRIPPLE  CREEK  DISTRICT,   COLORADO. 
The  Cripple  Creek  Disfrirt,  Colorado:   V.  Some  of  the  Mines;  and  VI.  the  Power- 
plants.      By  Dr.  S.  F.  Hazlehurst.      The  Engineering  and  Mining  Journal 
(New  York),  1900,  vol.  Ix.c,  pages  635-636,  669-670,  with  4  iflmtr./tiom. 
The  plant  of  the  Colorado  Electric  Power  Company  is  situated  at  Caiion 
City,  whence  the  current  is  transmitted  by  means  of  No.  3  Brown  and  Sharp 
gauge  wire  to  two  power-houses,  from  which  it  is  distributed  throughout  the 
Cripple  Creek  district.       Merslion  glass  insulators  are  used  for  the  support  of 
the  20,000  volts  wires.       At  Caiion  City,  the  current  is  generated  by  Westing- 
house   alternating-current   dynamos   adapted   for   operating   the   Tesla   three- 
phase  system,  which  is  the  means  of  transmission  used.       Each  machine  has 
its   armature   mounted  on  the   shaft   of  a   Hamilton-Corliss   cross  compound 
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condensing  engine,  and  the  combination  of  engine  and  dynamo  forms  a 
generating  unit.  There  are  three  of  these  units  at  present,  one  of  which  is- 
kept  as  a  reserve  in  case  of  emergency.  For  exciting  the  fields  of  the  main 
dynamos  there  are  two  Kodak  exciters,  each  capable  of  exciting  all  three  of 
the  main  dynamos:  one  of  these  being  reserved  for  cases  of  emergency.  The 
engines  are  steamed  from  a  battery  of  Heine  water-tube  boilers ;  the  exhaust 
from  the  engines  that  drive  the  main  dynamos  is  sent  to  a  surface-condenser, 
while  that  from  tlie  pumps  and  exciter-engines  passes  through  feed-water 
heaters.  The  electric  and  steam-machinery  is  capable  of  supplying  2,000' 
horsepower. 

The  current  from  the  generators  is  transformed  from  500  to  20,000  volts, 
at  which  pressure  it  is  delivered  to  the  transmission-line  to  the  Cripple  Creek 
district  24  miles  away.  At  the  sub-stations  in  the  district,  the  20,000  volts- 
current  is  again  transformed  back  to  500  volts,  at  which  pressure  it  is 
delivered  to  the  mines  for  any  use  to  which  steam-power  can  be  put.  The 
company  owns  and  rents  63  electric  hoists,  in  addition  to  those  owned  by  the 
mines  and  individuals.  These  range  from  5  to  30  horsepower,  and  are  all  of 
the  induction-type.  The  transformers  at  the  sub-stations  reduce  the  pressure 
to  6,000  volts,  at  which  pressure  it  is  transmitted  to  the  District  Railroad, 
where  it  is  again  reduced  by  step-down  transformers  from  6,000  to  365  volts, 
at  which  voltage  it  passes  to  the  200  kilowatts  rotary  transformers,  where  it 
is  transformed  to  500  volts  direct  current  for  use  on  the  railroad  system. 
Wurts  lightning-arresters  are  used. 

The  Gold  Exploration  and  Tunnel  Company  began  its  operations  on  the 
west  side  of  Gold  Hill  with  the  view  of  pushing  its  workings  to  the  various 
ore-jiroducing  points  in  the  district  and  allowing  development-work  to  be 
carried  on  through  the  medium  of  the  tunnel.  The  owners  of  claims  through 
which  the  tunnel  passes  have  the  opportunity  of  seeing  the  condition  of  their 
property  at  a  known  depth,  and  they  can  pursue  development-work  on  pay- 
ment to  the  tunnel  company  of  a  fair  rental  for  the  advantages  offered  them. 
The  projected  extent  of  the  tunnel  is  17^  miles,  including  main  line  and 
extensions,  the  main  line  proper  being  3  miles  in  length.  The  depths  at 
which  the  tunnel  will  pass  beneath  the  principal  points  in  the  district  vary 
from  773  to  1,498  feet.  The  tunnel  is  now  4,500  feet  in  solid  rock,  and 
no  timbering  has  been  necessary.  No  water  has  yet  been  encountered,  but 
provision  is  made  for  that  event  by  a  capacious  box-drain  beneath  the  oar- 
tracks.  The  grade  of  thj  tunnel  is  1  in  200.  Haulage  at  jjresent  is  by  mules, 
but  a  compressed-air  engine  is  ready  for  use.  '  Some  small  veins  have  been 
cut  in  the  tunnel,  and  advantage  has  been  taken  by  the  owners  thereof  to 
prosecute   development-work.  X.  Y.  Z. 


BROWN  IRON-ORES  OF  GEORGIA. 

Broirn  Iron-Ore^  of  Georgia.     By   S.    W.    McCallie,    Asslsfanf   State    Geologist. 

The  Engineering  and   Mining  Journal  [New  York),   IVOO,   rol.  Ixix.,  pages- 

255-256,  iinth  2  illust rations. 

The  brown  iron-ores  of  Georgia  are  confined  mainly  to  the  north-western 

part  of  the  State  (Polk  and  Barton  counties)  in  the  Pala'ozoic  area.       These 

deposits  occur  chiefly  in  the  Lower  Silurian,   but  are  also  found  associated 

with  the  Carboniferous  and  Cambrian  deposits. 

The  most  abundant  iron-ore  deposits  of  the  Lower  Silurian  exist  in  the 
Knox  Dolomite  series — an   extensive   magnesian   limestone   with  a  maximum 
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thickness  of  over  3,000  feet.  This  formation  often  contains  an  abundance  of 
chert,  and  usually  gives  rise  to  low,  well-roimded  ridges,  along  which  the 
iron-ore  deposits  most  generally  occur,  in  pockets  in  the  residual  clays  that 
have  resulted  from  the  weathering  of  the  limestones.  In  connection  with 
these  ores,  chert  and  manganese  are  found,  but  in  the  more  valuaVjle  deposits 
these  impurities  are  rarely  present  in  quantities  sufficient  to  affect  the  com- 
mercial value  of  the  ores.  In  some  cases,  the  banks  contain  a  few  tons, 
whilst  others  have  produced  several  thousand  carloads.  Sometimes  the  ore 
is  honeycombed,  but  more  generally  it  is  compact  and  free  from  all  foreig^n 
material.  In  the  last  few  years,  steam-shovels  and  logwashers  have  been, 
introduced,  and  in  some  instances  the  cost  of  mining,  washing  and  placing 
the  ore  on  the  cars  ready  for  shipment  to  the  furnaces,  has  been  reduced  to 
Is.  8d.  (40  cents.)  per  ton.  With  few  exceptions,  the  ores  are  mined  by  open 
cuts,  varying  in  depth  from  5  to  60  feet  or  to  water-level.  At  Oredell,  in 
Etna  valley,  a  bore-hole  proved  that  the  brown  ores  exist  at  175  feet  below 
the  valley  surface.  In  the  vicinity  of  Cedartown,  valuable  deposits  have 
been  worked  to  the  depth  of  70  feet.  It  seems  probable  that  in  ii:any  cases 
these  deposits  are  limited  only  by  the  thickness  of  the  magnesian  limestone 
which  underlies  the  residual  clays  wherein  the  ores  occur.  The  locations 
of  the  ore-deposits,  as  a  general  rule,  are  indicated  by  the  occurrence  of  more 
or  less  float-ore  strewn  upon  the  surface;  but  the  quantity  of  ore  on  the 
surface  is  not  always  a  criterion  of  the  quantity  below.  The  ores  of  the  Knox 
Dolomite  series  run  high  in  metallic  iron,  and  low  in  sulphur  and  phosphorus. 
From  a  number  of  analyses  made,  the  following  results  were  obtained :  Iron, 
from  48*45  to  51"10;  manganese,  from  0'2  to  5'6;  silica,  from  2-4  to  7'87; 
phosphorus,  from .  0-147  to  0-858.  Sometimes  these  brown  ores  yield  a 
liigher  percentage  of  iron  than  the  theoretical  limonite,  evidently  owing  to 
the  partial  metamorphism  shown  by  the  red  colour  of  the  ore. 

The  iron-ores  of  the  Cambrian  formation  occur  associated  with  sandstone, 
mica-schists,  and  slates,  and  differ  somewhat  in  character  and  mode  of 
occurrence  from  those  of  the  Knox  Dolomite  series.  In  some  cases,  they 
have  been  metamorphosed  so  as  to  partake  of  the  nature  of  true  haematite. 
In  the  neighbourhood  of  Emerson,  the  deposits  often  assume  the  character 
of  veins.  In  the  northern  jjart  of  Barton  county,  the  ores  partake  of  the 
nature  of  blanket  deposits,  valuable  because  of  their  richness  and  the 
cheapness  with  which  they  can  be  mined.  In  other  localities,  the  ores  occur 
in  pockets,  as  in  the  Kiiox  Dolomite  series.  The  chemical  analyses  of  the 
Cambrian  ores  are  similar  to  those  of  the  Knox  Dolomite,  the  clierty  material 
in  the  latter  being  replaced  by  siliceous  material  in  the  former. 

The  Carboniferous  iron-ores  are  apparently  not  so  extensive  or  valuable 
as  the  Silurian  or  Cambrian  deposits.  Nevertheless  they  are  of  considerable 
economic  importance,  especially  those  of  the  Sugar  valley  district. 

Besides  the  brown-ore  deposits  of  the  Palaeozoic  area,  there  arc  also  to  be 
found  in  north-western  Georgia,  in  the  Crystalline-schist  area,  valuable 
deposits  of  brown-ores  which  are  so  far  practically  undeveloped. 

X.  Y.  Z. 


EAMSHOEX   COPPEE-SILVER   INIIXE,   IDAHO. 

The  Deepest'  Mine  in  Idaho.     By  R.  N.  Bell.     Mines  and  Minerals,   1900,  vol. 

xxi.,  p'K/e-s  174-176. 

The  Ramshorn  mine  of  Bayhorse,   Custer  county,   has  the  reputation   of 

being   the    deepest   and   best-developed   copper-silver    mine    in   Idaho.        The 

canon  in  which  the  Ramshorn  and  most  of  the  other  big  mines  of  the  district 
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are  situated  is  deep  and  narrow,  presenting  an  elaborate  cross-section  of  the 
geology  of  the  region.  The  formations  embrace  various  horizons,  from  the 
Carboniferous  blue  limestone  down  to  the  Archaean  granite.  Associated  with 
them  are  found  enormous  intrusions  of  diorite,  syenite,  quartz-porphyry,  and 
more  recent  igneous  rocks,  together  with  the  usual  evidence  of  faulting,  fold- 
ing, and  fissuring  usxially  accompanying  these  formations.  This  is  a  com- 
bination of  conditions  which  is  universally  recognized  as  the  most  reliable 
indication  of  the  presence  of  great  mineral  wealth. 

The  Kamshorn  vein  is  a  compound  fissure  cutting  across  the  bedding- 
planes  of  a  thick  scries  of  metamorphic  slates.  It  coiirses  north-and-south, 
and  dips  westward  at  an  inclination  of  about  50  degrees.  The  pay-streaks 
occur  on  either  wall  of  a  zone  of  crushed  slate :  in  the  upper  workings  they  are 
about  60  feet  apart  and  appear  like  two  closely  parallel  veins,  but  they 
approach  each  other  as  they  extend  downward ;  and  in  the  lower  levels  they 
are  20  feet  apart,  and  probably  unite  at  a  greater  depth  as  one  strong  vein 
of  pay-ore.  The  pay-shoots  now  exposed  are  from  6  inches  to  6  feet  thick 
and  carry  values  of  from  =£5  to  =£200  (25  to  1,000  dollars)  per  ton.  One  shoot 
of  clean  grey  copper-ore,  over  24  inches  thick,  has  an  average  value  of  1,200 
ounces  of  silver  and  25  per  cent,  of  copper.  These  shoots  of  clean  high-grade 
ore  are  sometimes  found  4  feet  wide,  and  the  average  of  all  the  ore  mined  has 
been  over  100  ounces  of  silver  per  ton. 

The  method  of  development  consists  of  a  system  of  adit-tunnels  driven 
to  the  vein,  at  intervals,  as  it  courses  down  the  face  of  the  mountain,  and 
connected  underground,  with  a  regular  system  of  rises,  chutes  and  manways. 
At  the  mouths  of  the  jDrincipal  tunnels  are  substantial  ore-bins,  arranged 
to  feed  a  wire-rope  tramway,  by  which  they  are  all  connected  to  the  principal 
storage-bin  at  the  foot  of  the  mountain.  The  ore  carries  an  excess  of  free- 
smelting  iron.  The  longest  tunnel  on  the  Eamshorn  mine  was  started  several 
hundred  feet  above  the  creek-level  and  is  driven  on  the  vein.  It  has  pene- 
trated the  mountain  for  a  distance  of  3,000  feet,  and  at  the  present  face  shows 
a  body  of  ore,  nearly  3  feet  wide.  The  steep  pitch  of  the  mountain,  into 
which  this  vein  and  tunnel  course,  gives  a  vertical  face-depth  of  3,000  feet. 
The  tunnel,  with  its  miles  of  connections,  probably  constitutes  the  deepest 
development  of  any  ore-vein  in  the  State  of  Idaho.  X.Y.Z. 


METHODS  OF  IRON-MINING  IN  NORTHERN  MINNESOTA. 

Mtthorls  of  Iron-MiniiKj  in  Northern  Minnesota.  By  Prof.  F.  W.  Denton. 
Tran-mction-t  of  the  American  Imtitute  of  Mining  Engineers,  1897,  vol.  x.vvii., 
pages  344-390. 

Vermilion  Range. — In  the  Minnesota  mine,  the  ore  occurs  in  lenses  dipping 
north  about  70  degrees,  and  varying  in  thickness  from  a  few  feet  to  over  100 
feet.  It  is  extremely  hard  and  strong,  while  the  walls  of  green  schist  or  soap- 
stone  rock  are  soft  and  weak. 

The  method  of  mining  may  be  described  as  "  longitudinal  overhead  stoping 
with  tilling."  The  diamond-drill,  run  by  compressed  air,  is  used,  and  aboiit 
12  holes  are  drilled  in  10  hours.  In  a  stope,  40  feet  wide,  two  holes  24  to 
30  feet  deep  would  be  made,  one  pointing  a  little  to  the  hanging-wall  and  the 
other  to  the  foot-wall,  and  charged  with  30  to  50  pounds  of  50-per-cent. 
dynamite,  which  would  dislodge  from  500  to  1,000  tons  of  ore.  The  cost  of 
diamond-drilling  exceeds  that  of  machine  percussion-drilling;  but  the  product 
per  foot  of  hole  is  much  greater  with  the  diamond  dinll,   making  the  cost 
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j)er  ton  less.  The  shoots,  timbered  up  through  the  tilling,  down  which  the 
ore  is  dropped  to  the  level  below,  are  placed  about  30  feet  apart,  and  100  feet 
•of  vertical  height  is  found  to  be  the  most  economical  limit,  beyond  which  it 
is  cheajDer  to  put  in  another  main  level.  The  pumping-plant  consists  of  a 
aomewhat  unusual  type  of  direct-acting  plunger  with  fly-wheel,  and  is  fixed 
underground.  It  has  a  lift  of  817  feet,  and  the  plunger  speed  has  been 
increased  from  100  feet  to  360  feet  per  minute,  by  the  use  of  a  special  form 
of  air-chamber  placed  over  the  discharge-valves,  and  supplied  with  a  constant 
volume  of  air.  The  difficulties  of  crushing  so  hard  an  ore,  and  the  various 
-alterations  in  the  constructive  material  and  working  parts  of  the  Blake 
•crusher — to  enable  it  to  do  its  work  effectually — are  briefly  described.  The 
cost  of  crushing  is  about  6M.  (13'19  cents)  per  ton. 

The  Chandler  mine  produces  a  high-grade  ore  containing  60  to  65  per  cent, 
of  iron  and  0"048  per  cent,  of  phosphorus.  The  ore-deposit  is  supposed  to 
have  been  originally  massive  haematite,  subsequently  broken  up  by  natural 
forces;  it  lies  in  a  fold  or  basin,  and  is  covered  by  a  jasper  capping.  There 
is  a  peculiar  layer  of  altered  schist,  30  feet  thick,  between  the  ore  and  the 
unaltered  green  schist.  Considerable  difficulty  has  been  experienced  with  the 
shalts,  the  tops  of  which  have  been  lost,  owing  to  subsidence  having  extended 
farther  than  was  anticipated.  Inclined  shafts  have  been  sunk  farther  back, 
to  meet  the  uninjured  ]iortion  of  the  original  shafts. 

The  method  of  mining  is  known  as  "  sub-drifting  " :  main  levels,  timbered, 
9  feet  wide  and  7  feet  high,  are  driven  at  vertical  distances  of  75  feet  apart. 
Rises  are  put  up  every  50  feet  along  the  levels,  and  out  of  each  of  them  four 
sub-drifts  are  run,  separated  by  8  feet  of  ore,  and  timbered,  6  feet  square; 
the  three  top  sub-drifts  arc  run  first,  leaving  the  lower  one  to  strengthen  the 
main  level.  The  sub-drifts  being  completed,  the  block  of  ore  is  honeycombed 
with  drifts,  with  vertical  pillars,  8  feet  high,  between  each.  The  pillars  are 
then  sliced  away,  the  back  caved,  and  the  caved  ore  wheeled  in  barrows  to 
ore-shoots  leading  to  the  main  level  below ;  these  ore-shoots  are  timbered,  4 
feet  square,  and  lined  with  2  inches  planks  placed  on  edge.  A  modified  method 
is  being  adojDted  in  the  lower  levels,  to  save  putting  up  rises  and  to  use  trams 
instead  of  wheelbarrows. 

Mesabi  Bange. — The  deposits  are  of  great  area  and  relatively  small  depth, 
dipping  to  the  south  at  low  angles,  and  covered  with  Glacial  Drift  from  2  to 
100  feet  thick. 

At  the  Mountain  iron-mine,  an  open  cutting  is  made  into  the  deposit,  the 
ore  is  loosened  by  blasting,  and  quarried  by  steam-dredges  or  shovels.  A 
shovel-crew  consists  of  5  pitmen,  an  engineer,  cranesman,  and  fireman, 
and  will  fill  on  an  average  133  trucks  of  26  tons  per  day  of  10  hours  or  3,458 
tons  of  ore.  Two  locomotives  are  used  for  each  shovel,  one  to  handle  the 
empty  truck  and  the  other  the  loaded  trucks.  Steam-shovels  are  also 
employed  for  stripping  or  bearing  the  ore.  The  ore  contains  64  per  cent,  of 
iron,  with  from  0'045  to  0'065  per  cent,  of  phosphorus. 

The  Auburn  mine  is  an  example  of  a  mine  employing  underground  mining 
combined  with  quarrying.  The  levels  are  driven  with  about  60  feet  of  ore 
over  them.  A  main  drift  is  run  straight  from  the  shaft,  with  branch-drifts 
at  an  angle  of  45  degrees.  From  the  drifts,  rises  are  put  up  40  feet  opart 
to  the  top  of  the  ore,  which  is  then  worked  in  the  form  of  a  crater;  the  rises 
forming  the  central  pipes,  down  which  the  ore  falls  to  the  level  below,  whence 
it  is  loaded,  and  hoisted  up  the  shaft.  Holes  are  drilled  round  the  sides  of  the 
crater,  by  driving  down  \\  inches  steel  rods  from  5  to  18  feet  long,  two  to  four 
strikers  being  employed.       The  rods  often  stick  fast,  and  are  drawn  out  by 
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railroad  jatks.  The  holes  are  first  "  chambered  "  with  3  or  4  sticks  of  50- 
per-ceut.  dynamite  and  then  charged  with  3  to  60  25-poxinds  kegs  of  powder. 
Hopes  are  provided  to  prevent  the  men  from  being  carried  down  into  the  rises 
by  the  sliding  of  loose  ore  on  the  sides  of  the  craters.  Men  tlins  carried  into 
the  rises  have  been  rescued,  by  placing  around  them  barrels  or  pieces  of  tube 
large  enoiigh  to  prevent  the  ore  from  smothering  them.  With  this  protection 
they  have  time  to  work  themselves  loose,  and  can  be  pulled  out. 

The  ore  at  the  Fayol  mine  contains  62^  per  cent,  of  iron  and  0038  per  cent, 
of  phuspliorus.  The  ore-body  is  covered  by  65  to  90  feet  of  Glacial  Drift. 
The  method  of  mining  is  by  rooms  about  24  feet  wide,  separated  by  pillars  of 
the  same  size.  The  rooms  are  carried  up  65  feet,  are  300  feet  long,  and  are 
tilled  in  with  drift  from  the  surface.  The  rooms  used  to  be  carried  up  by 
overhead  stoping  with  square-set  timbering,  but  another  method  has  just 
been  successfully  adopted,  whereby  a  rise  is  put  up  through  the  centre  of  the 
room  to  the  Glacial  Drift.  The  roof  having  been  securely  supported  by 
saddleback  timbering,  the  room  is  stoped  out  underhand,  and  the  sides  are  left 
entirely  free  from  timber.  The  ore  obtained  from  these  rooms  is  more  cheaply 
mined,  and  with  a  low  timber-cost.  A  description  of  the  shaft,  headgear, 
engines,  etc.,  is  given;  a  special  timber-slide  for  getting  timber  into  the  mine 
is  also  described. 

A  detail  of  some  interest  in  these  mines  is  the  use  of  special  vmderground 
rooms  for  thawing  dynamite :  they  are  kept  warm  by  steam,  and  contain 
lockers  for  the  contract-parties.  A.  W.  G. 

WINDBER  COLLIERIES,   PENNSYLVANIA. 

The  Large-ff  Collier ie.s  in  the  United  StaUs.  S^Burcham  Harding.  The  Engineer- 
ing and  Mining  Journal  (Neir  York),  1900,  >-ol.  Ixix.,  page'i  197-198  and  230- 
232,  irith  9  illu-strafioivs. 

About  two  years  ago  in  Somerset  County,  Pennsylvannia,  the  Berwind- 
White  Coal  Mining  Company  secured  the  mining  rights  over  70  square  miles. 

The  seam  of  coal  is  about  4  feet  thick,  and  extends  for  several  miles  in 
every  direction.  The  main  headings  extend  from  the  entrances  of  the  mines 
in  straight  lines.  At  distances  of  about  315  feet,  cross-headings  are  run  at 
right  angles  to  the  main  headings,  and  on  each  side  of  the  cross-headings 
rooms  are  opened  up.  The  roof  is  supported  by  pillars  in  the  usual  way, 
until  the  rooms  are  cleared  and  that  part  of  the  mine  deserted.  In  course  of 
time,  the  main  headings  will  extend  to  3  and  4  miles  and  the  cross-headings 
to  2  and  3  miles  in  length,  until  they  reach  the  workings  of  the  adjacent 
mines. 

Near  the  entrances  to  the  mines,  power-plants  are  erect<  d  to  furnish  motive 
power  for  all  the  mining  operations.  These  plants  include  water-tube 
boilers,   steam-engines,    air-compressors,    and   electric  generators. 

All  the  coal  is  worked  by  mechanical  coal-cutters,  operated  by  compressed 
air,  and  the  face  readily  breaks  down  by  the  use  of  explosives.  One  of  these 
machines  does  the  work  of  about  20  miners  and,  compared  with  hand-labour, 
increases  the  output  of  coal  per  acre  by  about  12  per  cent.  About  100  tons 
per  day  is  the  output  from  each,  cutter. 

At  a  short  distance  from  the  mine-entrance,  the  height  of  the  heading  is 
reduced  to  a  little  over  4  feet,  which  suffices  for  the  passage  of  the  electric 
mine-locomotive  with  its  load  of  cars.  A  double  track  of  railroad  extends 
throughout  the  main  heading  in  each  mine.  The  cost  of  this  method  of 
haulage,  taking  No.  35  mine  as  an  example,  is  less  than  |d.  per  ton,  the 
entrance  to  this  mine  having  a  dip  of  1   in  40  for  3,000  feet.       The  rails 


TRANSACTIONS   AND   PERIODICALS.  88 

extend  from  the  entrance  of  the  mine  for  about  1,000  feet  to  the  tipple,  where 
the  coal  is  dumjjed  into  the  railway-cars.  On  reaching  the  tipjile,  the  mine- 
locomotive  leaves  its  train  of  45  loaded  cars,  and  returns  to  the  mine  with 
empty  cars,  the  down  grade  being  siifhcieiit  to  carry  the  loaded  cars  to  the 
dumping-places.  Five  cars  are  uncoupled  at  a  time,  and  allowed  to  run  down 
to  the  chutes,  passing  over  the  weigh-bridge  en  route.  Dumjoing  is  per- 
formed by  an  improved  crossover  tilt,  and,  as  the  car  approaches  the  chute 
the  operator  moves  the  dumping-lever,  the  wheels  strike  a  pair  of  blocks, 
and  the  wagon  dumps  its  contents  into  the  chute.  At  a  distance  of  about 
20  feet  from  the  chute,  a  portion,  of  the  right-hand  rail  is  raised  about  6  inches, 
a  loaded  car  approaching  the  chute  passes  over  this  spot,  and  depresses  the 
rail,  which  causes  the  wheel-blocks  at  the  chute  to  swing  outward,  and  allows 
the  car  which  has  just  been  emptied  to  pass  onward.  The  empty  car  runs 
down  an  incline,  the  momentum  acquired  carries  it  up  another  incline,  where 
its  motion  is  reversed,  and  it  is  then  automatically  switched  into  the  siding 
for  empty  cars.     As  many  as  9  cars  can  be  dumped  in  1  minute. 

The  tracks  under  the  tipple  are  also  built  upon  a  grade  so  as  to  utilize  the 
force  of  gravity.  All  the  movements  are  done  by  gravity,  checked  by  hand 
brakes.  The  railroad-cars  have  capacities  of  30  and  50  tons,  and  11  cars  can 
be   loaded   in    1    hour. 

The  ventilation  at  No.  35  mine  is  effected  by  a  fan,  16  feet  in  diameter  by 
<7  feet  wide,  delivering  325,000  cubic  feet  of  air  per  minute  at  a  water-gaiige 
of  1\  inches. 

The  power-station  of  this  mine  supplies  power  to  35  mining  machines,  and 
22  pumps,  which  are  served  by  compressed  air;  and  for  5  mine-locomotives 
by  three  150  kilowatts  electric-generators.  X.  Y.  Z. 


APPARATUS  FOR  MEASURING  THE  DIP  OF  STRATA  IN 
BORE-HOLE   CORES. 

Apparat  zttr  ahso/ufen  FcsfsttUnng  dts  Streichen-s  Kernfahiger  Erd.schichten.  By 
Hermann  Gothan.  Berg-  nnd  HuettenmivnnUche  Zeitnng,  1900,  vol.  lix., 
page"!  159-160,  irifh  1  p/ate. 
As  in  the  apparatus  of  Kobrich  and  that  of  Wolf,  a  magnetic  needle  is 
employed  that  can  be  stopped  by  a  train  of  clockwork;  but,  in  this  case,  the 
apparatus  is  firmly  attached  to  the  core  in  the  hole,  and  therefore  gives  more 
reliable  results.  The  magnetic  needle  is  mounted  on  the  apex  of  the  minute- 
wheel  spindle  and,  on  the  automatic  release  of  a  catch  by  the  train  of  clock- 
work at  a  predetermined  time,  is  forced  upward  against  a  rest  faced  with 
soft  material,  in  which  a  point  mounted  on  the  needle  engages  and  holds  the 
latter  fast.  The  case  of  non-magnetic  metal  enclosing  the  needle  and  clock- 
work is  mounted  inside  the  cylinder  of  the  boring-tool,  so  as  to  make  firm  con- 
tact with  the  core;  and,  when  the  needle  has  been  fixed,  the  core  is  broken 
off  and  the  whole  raised  to  bank.  Here  the  core  is  exposed,  marked  in  con- 
formity with  certain  marks  on  the  cylinder,  and  mounted  in  a  socket  on  a 
turntable,  Ijoth  being  also  marked,  the  whole  of  the  marks  being  set  to  coincide. 
The  boring-cylinder  being  removed  to  expose  the  dial-plate  of  the  clockwork, 
the  position  of  the  needle  is  determined  by  means  of  plummets,  and  after 
releasing  tlie  needle,  the  turntable  is  revolved  until  the  needle  is  over  the 
point  of  the  dial-plate  at  which  it  was  fixed.  When  this  is  attained  the  core 
is  in  exactly  the  same  position  as  it  occupied  in  the  bore-hole,  and  the  dip  of 
the  strata  can  V»e  accurately  read  off.  C,  S. 
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THE  TESTING  OF  FLAT  PLACER-DEPOSITS  BY  BORING. 
The  Testing  of  Flat  Placer- Deposits.      By  Robert  Nye.       The   Engineering  and 
Mining  Journal  (Xeir-York),  1900,  rol  l.iw.,  pages  37-38. 

The  sxiccessful  results  obtained  during  the  past  few  years  by  the  dredge 
and  the  steanj-shovel  in  working  gold-bearing  deposits  has  caused  great 
interest  to  be  awakened  in  this  branch  of  placer-mining.  There  can  be  no 
doubt  that  the  best  way  to  test  a  placcr-dejiosit  is  by  means  of  shafts,  or 
drifts,  or  both,  if  the  cost  allows.  But  the  writer  knows  of  one  case  where 
good  results  upon  this  kind  of  ground  were  obtained  by  an  auger  operated 
by  hand ;  and,  for  the  same  cost  as  one  shaft,  a  large  number  of  holes  were  put 
down,  giving  a  nuich  more  accurate  contour  of  the  bed-rock.  The  results- 
from  the  aiiger-holes  were  check^'d  by  an  occasional  shaft,  and  found  to  be 
very  accurate.  In  ground  suitable  for  dredging,  however,  there  is  often  sa 
much  water  that  shaft-sinking  is  too  expensive;  in  fact,  some  dredging- 
grounds,  with  all  the  natural  conditions  necessary  for  successful  work,  contain 
so  much  water  that  to  prospect  them  by  shafts  would  cost  more  than  to  put 
the  necessary  dredgers  upon  them.  In  one  case,  over  /;800  (4,000  dollars)  was 
spent  in  the  vain  attempt  to  sink  a  shaft  to  bed-rock,  which  was  afterwards 
shown  by  a  drill-hole  to  be  27  feet  from  the  surface. 

The  writer  describes  the  process  and  the  precautions  necessary  to  be 
observed  so  as  to  obtain  accurate  information.  The  two  main  precautions  are 
(1)  that  the  bottom  of  the  pipe  must  be  kept  in  advance  of  the  point  of  the 
drill  Tintil  bed-rock  is  reached,  and  (2)  that,  when  bed-rock  is  reached,  the 
pipe  must  be  driven  into  it,  or  upon  it  tight  enough  to  shut  out  all  sand  and 
water,  and  allow  of  the  hole  being  pumped  out  clean  and  dry.  The  cost  per  foot 
of  these  holes  varies  with  local  conditions,  and  apart  from  the  cost  of  labour 
and  horse  or  steam-power,  three  factors  enter  into  the  problem :  (1)  the  time 
required  to  put  down  a  hole;  (2)  the  time  required  to  pull  out  the  pipe;  and 
(3)  the  time  required  to  move  the  drill.  The  writer  is  of  opinion  that  in  many 
cases  the  use  of  steam-plant  will  not  be  economical.  He  has  prospected 
ground  with  a  horse-power  machine,  and  found  that  a  move  from  100  to- 
5,000  feet  could  be  made,  and  the  next  hole  put  down,  before  the  steam-power 
drill  could  be  moved  and  set  up.  The  writer's  experience  is  that  in  favour- 
able conditions  a  hole  may  be  put  down  at  a  cost  of  3s.  9d.  (90  cents)  per 
foot  up  to  25  feet  deep,  and  in  other  cases,  where  the  conditions  were  very- 
unfavourable,  the  cost  rose  to  14s.  7d.  {3^  dollars)  per  foot.  X.T.Z. 


DULAIT-FORGET  ELECTRIC  DRILL. 

Xote  sur  la  Perforatrice  Electrique  DiO ait-Forget.  By  —  Ctjvelette.  Bidletin 
de  la  Sori6t6  de  F Industrie  Min6rale,  1900,  series  3,  vol.  riv.,  pages  161-190,. 
trith  ill  Its  f  rations  in  the  text  and  3  plates. 

This  electric  drill  has  been  employed  in  the  Flaviac  mines  near  Privas,  in 
driving  a  stone  drift  some  4,500  feet  long.  Briefly,  the  Dulait-Forget 
drill  is  composed  of  three  parts:  the  motor,  the  flexible  shaft,  and  the  drill. 
The  motor,  Siemens  wound,  of  the  Dulait  type,  3^  Horsepower,  absorbs 
30  amperes  and  110  volts,  and  gives  a  useful  effect  of  80- 25  per  cent.  The 
flexible  shaft  is  of  the  Marotte  type.  The  drill  turns  and  advances  at  the  will 
of  the  workman,  and  gives  about  420  blows  a  minute. 

The  following  plant  was  erected  to  drive  3  electric  drills :  1  Dulait  com- 
pound-wound dynamo,  11  kilowatts,  220  volts,  1,100  revolutions  per  minute,. 
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with  the  usual  fittings,  switchboards,  etc.;  3  electric  drills;  3  carriages  with 
lateral  motion  for  drill  and  motor;  3  trucks  with  racks,  to  convey  machines 
from  place  to  place;  4  copper  sheathed  ends  for  the  cables;  6  lamps  of  16 
candle-power;  and  3  syringes.  The  total  cost  of  the  plant  was  about  ^400,  and 
if  the  cost  of  the  boilers  and  tools  be  added,  the  price  will  work  out  to  about 
.£80  per  horsepower. 

The  holes  made  in  one  face  were  from  9  to  11  in  number  and  seldom  more 
than  4  feet  (1-20  metres)  long;  the  width  of  the  drills  varied  from  If  to  1^ 
inches  (46  to  36  millimetres).  The  number  of  drills  blunted  in  boring  9  to 
11  holes  or  a  total  length  of  about  30  feet  (9  metres)  in  the  various  rocks  was : 
40  in  the  siliceous  marls,  70  in  the  mica-schists,  and  100  or  more  in  the  quartz. 
Each  advance  of  the  face  required  about  8  hours,  divided  as  follows:  — 
Boring,  9  to  11  holes,  2  to  3  hours;  firing,  waiting  and  meals,  2  hours;  remov- 
ing stone  and  squaring  up  the  face,  3  hours;  or  a  total  of  8  hours.  Conse- 
quently, 3  advances  might  be  made  each  day,  but  in  practice  seldom  more 
than  2  were  accomplished. 

The  drift  was  driven  through  siliceous  marls,  mica-schists  containing 
veins  of  quartz  and  granite;  and  hand-labour  was  alone  employed  while  pass- 
ing through  soft  stone. 

During  one  week,  40  feet  (12'20  metres)  were  driven,  of  which  30-8  feet 
(940  metres)  were  driven  in  granite,  and  the  cost  was  24s.  per  foot  (96'40 
francs  per  metre).  During  a  previous  period  the  cost  was  27s.  per  foot  (113 
francs  per  metre);  in  another  it  was  20s.  per  foot  (83"52  francs  per  metre); 
and  the  daily  advance  in  soft  rock  worked  by  hand  was  only  1;|^  to  1^  feet 
(0-35  and  0-40  metres).  C.  H.  M. 


LIQUID  AIE  AS  A  BLASTING-AGENT  IN  MINES.* 

Facf-t  veriiiis  Claims  for  Liquid  Air.  By  Hudson  Maxim.  Scientific  American 
1900,  vol.  Ixx.vii.,  page  16.3. 

After  ridiculing  the  unscientific  claims  made  in  some  quarters  for  liquid 
air,  the  author  remarks  that  liquid  air  will  be  chiefly  valuable  as  a  source  of 
oxygen  for  purposes  other  than  the  production  of  motive  power.  If  it  can  be 
produced  at,  say,  2^d.  per  gallon,  it  may  be  destined  to  find  its  most  useful 
application  as  a  blasting-agent  for  mining  purposes.  The  author  recognizes 
the  difficulties  that  would  attend  such  use  of  it,  yet  he  believes  that  most  of 
these  may  be  overcome;  and  he  has  ascertained  from  calculations  and  experi- 
ments that  explosives  may  be  made  from  liquid  oxygen  and  combustibles 
which  vfiW  rank  amongst  the  most  powerful  known  to  science. 

Some  of  the  difficulties  referred  to  might  be  surmounted  in  the  following 
iranner.  Liqiiid  air  being  produced  at  the  price  named,  a  specially  con- 
structed centrifugal  machine  might  separate  the  oxygen  from  the  nitrogen 
without  much  additional  cost.  The  oxygen  could  be  used  in  making  explosive 
cartridges,  which  coiild  be  packed  in  a  bath  of  liquid  nitrogen.  The  nitrogen 
being  more  volatile  than  the  oxygen,  there  would  be  practically  no  loss  of 
oxygen  from  the  cartridges.  The  material  could  be  kept  in  this  way  for  some 
time,  biit  as  it  could  be  n)ade  at  the  mine,  or  in  the  mining  district,  not 
many  hours  need  intervene  between  its  production  and  its  use.  In  charging 
holes,  they  could  first  be  chilled  by  a  jet  of  the  liquid  nitrogen,  and  further  to 
protect  the  cartridges  against  too  rapid  evaporation  of  the  oxygen,  they  could 
be  covered  with  a  combustible  non-conductor  of  heat,  which  would  form  part 
of  the  explosive.       The  explosive  would  be  so  quick  in  its  action  that  little 

*  Trans.  Inat.  M.E.,  1900,  vol.  xix.,  page  164. 
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or  no  tamping  would  be  necessary,  and  in  any  case,  water  or  sand-tamping^ 
would  suffice.  To  prevent  the  tamping  from  being  blown  out  by  tlio 
evaporating  oxygen,  a  small  and  very  thin  copper  tube  could  be  inserted  into 
each  hole  whilst  loading,  which  would  serve  both  as  a  vent-hole  and  as  u 
means  of  firing  the  charge. 

In  order  to  allow  for  evaporation,  3  pounds  of  oxygen  might  be  used  to  1 
pound  of  carbonaceous  matter  in  producing  explosives.  At  lOd.  per  gallon 
the  oxygen  would  cost  about  Id.  per  pound.  The  carbonaceous  matter  would 
not  cost  more  than  ^d.  per  pound.  The  explosive,  therefore,  would  cost  about 
Id.  per  pound.  If  this  cost  be  doubled  to  make  allowance  for  incidentals, 
labour  and  interest  on  capital,  and  add  ^d.  per  pound  for  loss  by  evaporation, 
we  should  still  have  a  powerful  explosive,  possessing  obvious  advantages 
over  dynamite  at  less  than  half  the  cost.  X.Y.Z. 


USE  OF  SAFETY-EXPLOSIVES  IN  GASSY  MINES  IN  FRANCE. 
C(ymmis'iion  dn  Grisou :   Rapport  fait  au  Xom  de   la   CommUnion  du   Orison   snr 
VEmploi  des  Exp/osifo  de  Surete  dans  les  Mines  a  Orison.     By  L.  Aguillon. 
Annates  des  Mines,  1899,  series  9,  vol.  xvi.,  pages  551-573  ;  Part  it  Adminis- 
tratif,  1899,  series  9,  vol.  viii.,  pages  667-670. 

This  report  has  been  made  upon  the  working  of  the  circular  of  August  1st, 
1890*  and  the  special  order  of  the  Mining  Board  of  Saint-Etienne  as  to  the 
advisability  of  printing  upon  cartridges  the  composition  of  the  explosive,  more 
particularly  in  the  case  of  the  Favier  explosive. 

Use  of  Explosives. — Three  kinds  of  safety-explosives  are  used : —Govern- 
ment octonitric  cotton  (little  used),  the  grisounites  or  dynamites  with  nitrate 
of  ammonia,  and  the  Favier  grisoutines.  The  quantities  of  explosives  of  all 
kinds  used  per  ton  of  coal  in  three  coal-fields  are  as  follows:  Gard,  1-76  ounces 
(50  grammes):  Pas-de-Calais,  1*05  ounces  (30  grammes);  and  Saint-Etieune, 
0-77  ounce  (22  grammes). 

The  increased  cost  due  to  the  introduction  of  safety-explosives  is  small,  the 
cost  of  explosives  per  ton  of  coal,  before  1890,  was  0-938d  (9-87  centimes), 
since  1900,  lOlld.  (10-63  centimes),  showing  an  increase  of  cost  per  ton  of 
0-073d.  or  0-76  centime. 

Accident  Statistics. — There  are  two  points  which  should  be  considered  before 
any  explosive  can  be  called  relatively  safe:  (1)  the  danger  when  fired  of 
igniting  gas,  and  (2)  the  danger  which  it  presents  in  storing  and  handling. 

Statistics  shew  that  there  had  been  no  increase  in  the  safety  of  the  miner 
since  1890,  and  that  the  handling  and  storing  of  safety-explosives  had  not 
resulted  in  any  increase  of  danger  to  life. 

Restriction  of  the  Emjyloi/ment  of  Safety-explosives. — By  the  order  of  1890, 
the  Government  reserved  the  right  to  prohibit  the  use  of  any  explosive  in 
certain  mines  or  of  allowing  their  use  under  special  conditions,  for  instance  (1) 
when  the  pit  is  empty,  and  (2)  the  possible  limitation  of  the  charge.  The 
Administration  possess  the  right,  and  the  inspectors  of  mines  have  the  power, 
to  prohibit  the  use  of  any  explosive  in  gassy  or  badly  ventilated  mines,  but 
as  yet  these  powers  have  rarely  been  exercised. 

The  charges  of  explosives  used  for  blasting  stone  canches  in  the  Nord 
and  Pas-de-Calais  coal-fields  are :  ordinary  stone,  8^  to  10  ounces  (240  to  300 
grammes);  hard  stone,  28  to  35  ounces  (800  to  1,000  grammes);  and  very  hard 

*  Report  nf  the  Frtifh  Commisaion  o-  tho  Use,  of  FxplsU-'S  in  tlie  Presence  «/  Fire-damp  in  Mines 
translated  by  Mes.srs.  W,  J.  Bird  and  M.  Walton  Brown,  page  159. 
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stone,  53  to  70  oimces  (1,50U  to  2,000  grammes).  In  stone-drifting,  the 
charges  are :  fast  shots,  28  to  53  onnces  (800  to  1,500  grammes) ;  loose  shots, 
14  to  35  onnces  (400  to  1,000  grammes).  The  heaviest  charges  are  used  in 
the  Gard  coal-field,  and  are  usually  127  to  134  ounces  (3,600  to  3,800  grammes) 
for  holes  13  to  15  feet  (4  to  4-J  metres)  long.  It  may  be  added,  moreover,  that 
the  general  tendency  in  all  the  districts  is  to  increase  the  weight  of  the  charge. 

Extension  of  the  Poivers  of  Inspectors,  (he  Derogatory  Rule. — The  inspectors 
of  mines  vrere,  by  the  order  of  1890,  permitted  to  modify  the  regulations  in 
special  cases,  as  for  instance  at  Saint-Etienne,  where  the  rules  for  stone-work 
were  extended  and  permitted  to  be  followed  in  the  coal. 

Manufacture  of  Explosives. — Certain  explosives  are  too  hygroscopic, 
necessitating  their  immediate  use,  and  leading  to  their  being  packed  in  thick 
jjajDer  cartridges,  which,  when  the  explosive  is  fired,  are  apt  to  burn :  the  use 
of  metal  cartridge-cases  should  overcome  this  difficulty. 

Miss-fires. — There  are  too  many  miss-fires,  especially  in  the  use  of  explosives 
for  blasting  coal ;  and  it  is  suggested  that  hints  should  be  taken  from  the 
improvements  introduced  by  foreign  manufacturers,  as  for  instance  by  the 
partial  substitution  of  chlorate  of  potash  for  nitrate  of  ammonia,  or  as  in  the 
German  dahmenite,  where  an  imijrovemeut  was  made  by  the  addition  of 
bichromate  or  permanganate  of  potash. 

Sundry  Observations. — The  danger  from  the  use  of  fuses  is  noted  and  the 
use  of  electricity  of  low  voltage  is  recommended. 

Amended  Regulations. — As  the  result  of  this  report,  the  Minister  of  Public 
Works  has  issued  a  circular,  modifying  clauses  5  and  7  of  the  circular  of 
August  1st,  1890,*  as  follows : 

5.  The  stemming  of  the  explosives  ordered  by  Article  2  should  be  carefully 
made  with  plastic  matter,  so  as  to  avoid  blown-out  shots ;  the  length  should 
not  be  less  than  8  inches  (0'20  metre)  for  the  first  1,543  grains  (100  grammes) 
of  charge,  with  the  addition  of  2  inches  (5  centimetres)  for  each  1,543  grains 
(100  grammes)  increase  in  the  charge.  The  maximum  charge  shall  be  35 
ounces  (1  kilogramme).  Detonation  shall  be  made  by  a  fulminating  capsule 
strong  enough  to  insure  detonation,  even  if  exploded  in  the  open  air. 

7.  Special  prefectoral  decrees,  which  shall  be  revocable,  after  the  rejjort 
of  inspectors  of  mines,  for  particular  cases  and  under  conditions  which  shall 
be  stipulated  in  the  decrees  may  be  issued :  (1)  For  the  use  of  detonating 
explosives  other  than  those  named  in  Article  2;  and  (2)  Derogations  from  the 
obligations  of  Article  5.  C.  H.  M. 


AUTOMATIC  SAFETY-DOOE  FOE  UNDEEGROUND  EXPLOSIVES 

MAGAZINES. 

Selbstthdtiger  Ahschhcss  fur  Unterirdische  Sprengmittelmagazine.       By  Jaroslav 
JiciNSKY.       Oesterreichische   Zeitschrift  filr  Berg-  mid   Hiittenu^esen,   1900, 
roL  xlviii.,  pages  345-346,  with  4^  figures. 
In   providing   an  extra    underground   magazine   to   hold   220   pounds   (100 
kilogrammes)  of  dynamite  in  the  eighth  level  at  the  Theresia  shaft  of  the 
Witkowitz  collieries,  the  erection  of  a  safety-door  on  the  plan  recommended 
by   the   French   committee   on   fire-damp   and   explosives   was   considered   too 
expensive,   and   the  following   arrangement   was   adopted.     The    magazine   is 
situated  in  a  short  blind  gallery,  30  feet  (9  metres)  long,   approached  by  a 
branch  heading,  9"8  feet  (3  metres)  long,  driven  at  right  angles  to  the  unwork- 
able Thea  seam.      In  the  water-level  of  this  latter,  the  safety-door  was  erected 

'  Report  of  the  French  Commission  on  the  Use  of  Explosives  in  the  Presence  of  Eire-damp  in  Mines, 
translated  by  Messrs.  W.  J.  Bird  and  M.  Walton  Brown,  page  162. 
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at  a  distance  of  62*3  feet  (19  metres)  from  the  magazine,  on  a  concavo-convex 
dam  of  iO  inches  (1  metre)  of  cemcut-and-brickwork  recessed  into  the  walls 
of  the  gallery  and  containing  a  central  doorway  4-9  feet  (1-5  metres)  in 
diameter.  The  door  was  composed  of  two  iron  plates,  one  0'79  inch  (20  milli- 
metres) thick  and  67  inches  (1"70  metres)  across,  the  other  0-39  inch  (10  milli- 
metres) thick  and  57  inches  (1"45  metres)  in  diameter,  bolted  together  so  as  to 
leave  an  intermediate  space  of  2" 75  inches  (70  millimetres).  A  ring  of  felt, 
0"39  inch  (1  centimetre)  thick  and  3'9  inches  (10  centimetres)  wide,  was  laid 
round  the  edge  of  the  larger  plate  to  make  the  door  fit  tight  into  the  rebate. 
1'18  inches  (30  millimetres)  deep,  in  the  dam. 

Commonly,  the  door,  which  opens  inward  towards  the  magazine,  is  kept 
open  about  halfway  for  purjDoses  of  ventilation,  a  stojj-block  preventing  it 
from  swinging  back  too  far;  but  in  the  event  of  an  explosion  in  the  magazine 
it  would  be  blown  to  by  the  pressure  of  the  gaseous  products  of  the  explosion,  a 
force  of  O'l  atmosphere  being  sufficient  for  that  purpose. 

The  pressure  of  gas  produced  by  the  explosion  of  220  pounds  (100  kilo- 
grammes) of  dynamite  in  a  chamber  of  the  size  projected  (47  cubic  metres  or 
1.660  cubic  feet)  is  20  atmospheres,  whilst  the  door-j^late  will  stand  a  pressure 
of  21'7  atmospheres.  The  total  cost  of  materials  and  labour  amounted  to  ^40 
('796  kronen)  or  rather  less  than  one-third  of  the  cost  of  a  safety-door  built  on 
the  French  nlan.  C.  S. 


A  XEW  METHOD  OF  SHAFT-SINKING. 

A  New  Method  of  Shaft  Sinling.  By  G.  C.  ^IcFarlaxe.  The,  Engineerinr/  and 
MiniiKj  Journal  [New  York),  1900,  vol.  Ixix.,  page  411,  irifh  A:  figures. 
The  writer  illustrates  a  method  which  lie  devised  for  handling  the  water 
while  sinking  through  a  bed  of  water-bearing  gravel  and  several  strata  of 
water-bearing  sandstone,  which  caused  a  flow  of  200  to  300  gallons  per  minute. 
The  method,  with  slight  alterations,  can  be  used  in  sinking  through  any 
water-bearing  rock.  Two  holes  are  drilled  to  a  suitable  distance  below  the 
water-bearing  strata,  and  a  communication  made  between  them  at  their  bottom 
ends.  Holes,  S  and  10  inches  in  diameter,  are  suggested  as  suitable  dimensions. 
The  shaft  is  sunk  on  one  of  the  bore-holes,  and  the  other  hole  is  in  the  solid 
strata  outside  the  circle  of  the  shaft.  The  water  runs  from  the  hole  in  the 
shaft  into  the  other  hole,  whence  it  can  be  pumped  by  a  convenient  method. 
By  this  method,  the  bottom  of  the  sinking-shaft  is  always  kept  dry,  and  it  is 
possible  to  fire  heavy  shots  without  damaging  the  pumps.  When  the  shaft 
is  sunk  to  within  a  few  feet  of  the  coal,  the  regular  mine-pumps  can  be 
installed,  and  the  pump-rods  and  casing  withdrawn  from  the  adjacent  bore- 
hole. In  sinking  a  shaft  where  the  bottom  would  be  in  hard  rock  instead  of 
in  a  coal-seam,  the  holes  should  be  drilled  20  or  30  feet  deeper  than  the  shaft- 
bottom,  and  successively  larger  charge?  of  dynamite  exploded  in  the  bottom 
of  })oth  holes  until  a  connection  is  established  between  them.  X.  Y.  Z. 


SINKING  A  SHAFT  BY   THE  POETSCH  FREEZING  METHOD. 

Charhonnage  de  Blaton  a  Bernissart,  Sidge  d'Harchies:  Fonrement  par  It  Proc6d6 

Poetsch.     By  J.  De  J.ver.     Annales  des  Mines  de  Belgique,  1900,  vol.  v., 

jjages  264-267  and  467-470. 

The  Harchies  pit  is  being  sunk  by  the   Poetsch  freezing  method  to  a  depth 

of  787  feet  (240  metres).     Freezing  was  commenced  on  May  16th,  1899,  and  the 

ground  was  sufficiently  frozen  to  commence  sinking  on  Aiigust  1st.     A  central 
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bore-hole  was  employed  to  ascertain  the  extent  of  the  freezing,  and  reached 
down  to  the  same  depth  as  the  freezing  tubes.  The  formation  of  the  wall 
of  ice  stopped  the  flow  of  water  into  this  bore-hole. 

The  shaft-lining  was  formed  of  rings,  4  feet  10  inches  high,  cast  in  four 
segments  and  inserted  in  lengths  of  164  feet  (50  metres).  While  the  lining  was 
being  placed  in  position  in  the  first  length,  the  sinking  was  being  continued 
for  the  second  length.  The  crib  at  a  depth  of  164  feet  (50  metres)  rested  on 
a  ledge  6  to  10  feet  (2  to  3  metres)  high.  Above  this  ledge  an  excavation 
was  filled  with  concrete,  prepared  with  water  rendered  uncongealable  by 
sulphate  of  soda. 

Four  leakages  occurred  in  the  freezing  tubes,  causing  considerable  delay. 

The  sinking  had  reached  a  depth  of  about  440  feet  (133  metres)  on  April 
28th,  1900,  and  is  still  in  progress.  E.  W.  D. 


CEMENT-CONCRETE  LINING  OF  A  SHAFT. 

(1)  Approfondissement  d'un  Putts  dann  le  Terrain  Houiller  et  JStablissement 
Simulfan^  d'un  Revetement  Monolifhe.  By  Juliex  Linet.  Revue  Uni- 
verselle  des  Mines,  1899,  vol.  xlviii.,  pages  1-16,  vith  ^plates. 

At  Ougree,  an  air-shaft  has  been  sunk  to  a  depth  of  328  feet  (^100  metres) 
from  1,575  feet  to  1,903  feet  (480  metres  to  580  metres).  It  was  known  that 
the  strata  were  irregular,  the  dip  ranging  from  50  to  75  degrees,  so  that  a 
variation  of  the  ordinary  method  of  sinking  became  necessary.  It  was  pro- 
posed to  use  a  closely-fitting  lining  of  channel-iron  rings,  sujjported  by  iron 
uprights  placed  40  inches  (1  metre)  apart,  enclosed  with  brickwork,  but  At 
was  finally  decided  to  use  cement-concrete  alone  in  the  following  manner: — • 

The  pit  was  sunk  to  full  dimensions  without  any  lining,  to  a  depth  of  10 
or  12  feet.  A  wooden  cylinder,  40  inches  (1  metre)  high  and  9'84  feet  (3 
metres)  in  diameter,  was  suiDported  on  battens,  and  cement-concrete  was 
filled  and  pressed  into  the  spaces  between  it  and  the  sides  of  the  shaft,  for  a 
width  of  about  10  inches  (250  millimetres);  a  second  cylinder  was  then  placed 
above  the  first,  and  so  on.  until  the  bottom  of  the  upper  lining  was  reached, 
the  joint  being  made  by  ramming  in  the  last  6  inches  of  cement-concrete 
horizontally. 

The  cement-concrete  was  made  of  6^  parts  of  broken  blast-furnace  slag, 
11  parts  of  sandstone  wrought  from  stone-drifts,  and  2h  parts  of  cement  (made 
from  blast-furnace  slag).  The  cement-concrete  had  a  resistance  to  crushing 
of  about  4,300  pounds  per  square  inch  (300  kilogrammes  per  square  centimetre)., 
while  bricks  only  average  172  pounds  per  square  inch  (12  kilogrammes  per 
square  centimetre). 

The  comparative  costs  of  the  two  systems  were  as  follows:  — 


Brick  Lining. 

Concrete  Lining. 

Diameter  of  shaft 

1312  feet 

4  metres 

12-40  feet 

3'8  metres 

Volume  of  rock  extracted 

pe  -  metre        

12  57  cubic  metres 

.. 

962  cubic  metres 

Volume  of  rock  extracted 

per  foot 

136  cubic  feet 

120  cubic  feet 

Cost  of  sinkiBg  per  metre 

100  francs 

65  francs 

do.                  per  foot 

il4s. 

17s!  6d. 

Speed  of  sinking  per  day 

3-28  feet 

I'OO  metres 

4-52  feet 

1'38  metres 

Thicknefs  of  lining 

1-64    „ 

0-50      ,, 

0-82    „ 

0-25     „ 

Inside  diameter  of  shaft 

9-84    „ 

3-00      „ 

9-S4    „ 

3-00     „ 

Volume  of  lining  material 

per  metre        

5 '5  cubic  metres 

2 '55  cubic  metres 

Volume  of  lining-material 

per  foot            

59  cubic  feet 

27  cubic  feet 

Cost  of  lining  per  metre 

6875  francs 

27-67  francs 

do.             per  foot    . . 

le'sl  8d. 

es.'  Od. 

Length  of  lining  inserted 

pet  day  

6oC  feet 

2  metres 

1312  feet 

4  metres 

M.  W.  B. 
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(2)  Charhonnage  de  Bonnt-Eiperance :  Cuvelaye  en  B^ton  cVun  Nouceau  Puits.  By 
E.  FiNEUSE.  Annales  rfes  Mines  de  Belgique,  1900,  vof.  v.,  pages  485-491, 
tcith  2  illustrations. 

The  strata  to  be  sunk  through  were  17'39  feet  (5'30  metres)  of  clay,  15'41 
feet  (4-70  metres)  of  sand,  and  i;M2  feet  (4  metres)  of  gravel.  The  lower  GA 
feet  of  gravel  contained  water.  In  sinking  down  to  the  water-bearing  gravel, 
a  wooden  drum  was  used,  composed  of  1^  inches  j^lanks  supported  by  cribs 
in  the  inside.  The  internal  diameter  of  this  drum  was  18'5  feet  (5'65  metres). 
An  iron  shoe,  in  four  segments,  was  then  placed  inside  the  drum  at  the  bottom 
of  the  pit.  This  shoe  had  a  width  of  about  12  inches  (30  centimetres),  thus 
reducing  the  internal  diameter  to  16'40  feet.  Before  commencing  to  build 
the  concrete,  steel  plates,  0-49  inch  {1\  centimetres)  thick,  were  nailed 
round  the  drum  and  well  greased.  Against  these  plates,  |  inch  planks 
were  phiced,  and  the  concrete  was  then  built  up  llf  inches  thick,  resting  on 
the  iron  shoe  to  a  height  of  16-49  feet  (5  metres). 

The  gravel  was  then  removed  from  below  the  shoe,  and  the  concrete  lining 
sank  down  through  the  water-bearing  beds  and  for  a  distance  of  2  feet  (0'60 
metre)  into  the  underlying  strata.  The  excavation  was  carried  down  for 
about  6  feet  further  to  a  point  where  a  suitable  foundation  could  be  formed, 
and  on  this  foimdation  a  concrete  lining  was  built,  reducing  the  internal 
diameter  of  the  shaft  to  13-94  feet  (4-25  metres)  aiid  continued  to  the  surface 
of  this  diameter. 

The  operation  was  commenced  on  July  26th,  1899,  and  finished  on  December 
24th,  of  the  same  year.  E.  W.  D. 


EEPAIEING  WOODEN  TUBBING   OF  SHAFTS  BY  INJECTION 
OF  CEMENT. 

yote  siir  la  Be^ection  d'lin  Cuvelage  en  Bois  au  Puits  d'Air  du  Charhonnage 
d'Abhooz,  au  Moyen  du  ProcHe  Henri  Portier.  By  Ejiile  Weby.  Bevue 
Universelle  des  Mines,  1900,  vol.  li.,  pages  295-300,  icith  1  plate. 

In  Belgium  are  many  old  shafts  lined  with  wooden  tubbing,  from 
which,  in  spite  of  constant  repair,  there  are  leakages  of  large  quantities  of 
water,  resulting  in  a  double  expense  for  labour  and  for  pumping  of  water. 
The  winding-shaft  at  Abhooz  colliery  was  lined  with  wooden  cvirbs  in  1840. 
In  1895,  the  quantity  of  water  passing  through  the  lining  amounted  to  300,000 
gallons  (1,400  cubic  metres)  and  it  was  found  necessary  to  reline  the  shaft 
with  cast-iron  tubbing.  This  operation  cost  .£6,000  (150,000  francs),  and 
occupied  six  weeks. 

The  upcast  shaft  at  the  same  colliery  was  also  in  a  bad  condition,  and  it 
was  estimated  that  a  sum  of  =£2,000  (50,000  francs)  would  be  required  for 
relining  by  the  ordinary  method.  It  was  decided  to  try  Mr.  Henri  Portier's 
process  of  injecting  slow-setting  cement,  dilvited  with  water,  behind  the  shaft- 
lining.  The  cement  passes  into  the  fissures,  closing  them,  and  consolidating 
the  whole  structure  of  the  shaft. 

To  inject  the  cement,  four  wooden  cisterns  were  placed  at  the  surface 
near  the  pit:  they  could  be  kept  full  of  water,  and  were  connected  by  pipes 
1'18  inches  (30  millimetres)  in  diameter,  with  the  points  of  injection.  At 
these  points,  valves  were  fixed  into  the  shaft-lining,  and  holes  were  bored 
into  the  lining  0'79  inch  (20  millimetres)  in  diameter,  passing  through  the 
centre  of  the  valve.  The  water-pipes  were  connected  to  those  valves  by 
flexible  tubing.      At  the  top  of  the  water-pipes,  valves  were  arranged,  so  that 
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they  could  be  counect-ed  either  with  the  water-cisterns  or  with  a  force- 
pump,  or  with  the  atmosphere.  The  cement  was  very  finely  ground,  and 
introduced  into  the  water-cisterns  so  as  to  form  a  milky  liquid.  The  difference 
of  level  between  the  surface  and  the  level  of  the  water  in  the  strata  aniountiug 
to  52-4  feet  (16  metres)  provided  siifficient  pressure  to  force  this  liqiiid  behind 
the  wooden-tubbing,  when  the  valves  were  opened.  If  any  obstruction 
occurred,  it  was  cleared  away  by  the  introduction  of  a  little  fresh  water  by 
means  of  the  force-pump.  Cement  was  added  to  the  cisterns,  so  as  to  keep 
the  water  always  of  the  same  consistency.  The  quantity  of  cement  intro- 
duced behind  the  tubbing  by  this  method  amounted  to  18"1  tons  (18,500  kilo- 
grammes), and  on  the  completion  of  the  operation  the  loss  of  water  was  reduced 
to  330  gallons  (1-5  cubic  metres)  per  24  hours. 
The  cost  was  as  follows :  — 

£      s.     d.         Francs. 

Patent    right    120     0     0         3,000 

Valves,  cisterns,  pipes,   etc 44  17     7         1,122 

Labour    4  17     7  122 

Cement    37     0     0  925 

Removing  the  inpes,    etc 5  11     2  139 

Totals  i:212     6     4         5,308 

The    saving    in    pumping-cliarges    amounts    to    ^400    (10,000    francs)    jier 
anniim.  E.  W.  D. 


MOVABLE  CRADLES  FOR  LINING  SHAFTS. 

JVo^e  nir  VEmploi  des  Plafonds  Mobiles  pour  h  Moe/lonage  des  Puits  en  Foncage,  By 
—  DB  Serres.  Comptes-rend^i^s  Meiisuels  des  Reunions  de  la  Soci4te  de 
r Industrie  Jlinircde,  IS99,  pages  141-143,  vith  1  plate. 

The  new  cradle  for  lining  shafts  at  the  Saint-Etienne  colliery  consists  of 
a  movable  platform  (suspended  by  pulleys  and  ropes  from  rail-ends  built 
into  the  walling,  and  projecting  1  foot  into  the  shaft)  worked  by  the  men 
engaged  in  the  lining.  It  is  necessary,  for  carrying  out  this  method,  to  Iiave 
sufficiently  strong  mooring-points,  and  pulley-blocks  that  work  smoothly; 
but  this  is  all  that  is  required.  The  lining  was  effected  in  lengths,  or 
sections,  of  98  feet  (30  metres),  and,  when  it  was  built  up  12  feet  (3  or  4  metres) 
above  the  ledge  on  which  it  was  seated,  the  four  rail-ends,  with  the  flanges 
uppermost,  were  built  into  the  masonry  at  the  ends  of  two  diameters  crossing 
one  another  at  right  angles.  From  each  projecting  end  is  suspended  a 
chain,  49  feet  (15  metres)  long,  carrying  two  pulley-blocks,  the  two  ends  of 
the  lifting  chain  being  attached  to  the  frame  of  the  upper  pulley,  forming 
part  of  which  is  a  worm-wheel  worked  by  a  horizontal  gun-metal  worm  and 
endless  chain.  Each  of  the  four  pulley-blocks  is  capable  of  supjiorting  2 
tons;  and  the  whole  load  of  the  platform,  with  6  or  8  men  and  their  tools, 
does  not  exceed  1*8  tons. 

While  the  platform  is  being  shifted — only  once  for  the  98  feet  (30  metres) 
length  or  section — the  men  wear  safety-belts;  and  while  they  are  at  work  the 
platform  is  made  fast  by  four  bolts  shot  into  holes  left  in  the  masonry,  the 
falls  not  running  down,  whatever  weight  be  put  upon  them,  owing  to  the  slow 
pitch  of  the  screw.  One  man  is  sufficient  to  work  the  pulley-blocks,  which 
are  connected  to  the  platform  by  chains,  7  feet  (from  2  to  2i  metres)  long. 
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SO  as  to  pi-event  the  lower-pulley  blocks  from  being  choked  with  mortar;  aud, 
after  each  length  of  masonry  is  built,  the  chain  and  pulley-blocks  are 
thoroughly  cleaned  on  the  surface. 

The  advantages  of  this  method  were  clearly  shown  by  a  comparison  of  the 
progress  made  with  the  movable  platform  and  that  made  with  the  fixed 
platforms  by  which  the  first  length,  or  section,  was  lined.  Whereas  in  the 
latter  case,  the  mean  speed  of  lining  was  only  61  feet  (2  metres)  and  the 
maximum  10  feet  (3  metres)  daily;  in  the  former  the  mean  advance  was  10  feet 
(3  metres),  and  the  maximum  13  feet  (4  metres)  daily,  five  days  being  thus 
gained  in  each  length  for  the  lining  alone.  At  least  as  much  time  was  saved  in 
erecting  the  air-pipes  and  ladders,  making  a  total  saving  of  2  months  in 
sinking  to  a  depth  of  590  feet  (180  metres)  while  the  money  saving  was  also 
considerable.  The  total  cost  of  the  four  sets  of  pulley-blocks,  with  lifting  and 
working  chains,  was  ^41  12s.  (1,040  francs);  and  the  sum  of  14s.  6d.  per  foot 
(60  francs  per  metre)  was  saved  in  labour  during  the  sinking.         J.  W.  P. 


DEAINAGE  OF  THE  LAMAETINE  MINE,  COLOEADO. 
The  Lamartine  Mine.     By  Prof.  Arthur   Lakes.      Mines  and  Minerals,  1900, 
vol.  XX.,  pages  385-387,  o'lth  5  illustratioiu. 

The  Lamartine  vein,  Idaho  Springs,  Colorado,  was  discovered  in  1867,  but 
no  w'orkings  of  importance  were  prosecuted  until  some  20  years  later.  After 
about  10  years,  the  present  main  shaft  was  sunk  to  a  depth  of  906  feet,  and 
ten  levels  were  opened.  In  1893,  the  workings  encountered  the  Crown  rein, 
carrying  high  values  in  gold.  The  Crown  vein  crosses  the  Lamartine  vein, 
and  on  the  junction  rich  and  large  ore-bodies  were  opened,  extending  up  and 
down  in  junction  vertically  for  400  feet  aud  laterally  east  and  west  for  250 
to  700  feet  on  both  veins.  At  the  time  of  finding  the  Crown  vein,  large  volumes 
of  water  were  met  with,  and  the  fuel  expense  of  pumping  rose  to  d£20  (100 
dollars)  per  day.  It  came  to  be  a  problem  whether  to  abandon  the  mine,  or 
drain  it  by  a  tunnel  over  1  mile  in  length,  and  the  latter  course  was  decided 
on.  The  mine  is  situated  on  the  summit  of  French  mountain,  and  it  Avas 
decided  to  drive  a  tunnel  from  the  surface  at  the  back  of  the  hill  and  on  llie 
Lamartine  vein,  which  would  tap  the  lowest  level  of  the  mine.  This  tunnel 
was  begun  on  October  16th,  1894,  from  the  svirface.  Meantime,  water  had  been 
removed  from  the  lower  levels  of  the  mine,  aud  on  November  5th,  1894,  the 
work  of  driA-ing  from  the  lower  levels  eastward  from  the  shaft  to  connect  with 
the  tunnel  began. 

The  tunnel  going  east  from  the  workings  was  driven  on  a  down  grade  of  1 
per  100;  and  therefore  necessitated  the  piimping  of  vast  quantities  of  water 
back  to  the  main  pumping  station,  by  auxiliary  machinery.  On  April  5th, 
1895,  a  sudden  flow  of  water  was  encountered,  and  caused  a  suspension  of  work 
for  21  days,  during  which  a  second  large  compound  pump  was  installed  in  the 
pumping-station,  whilst  additional  auxiliary  pumps,  mounted  on  trolley-cars, 
commenced  work  on  the  recovery  of  the  heading.  Five  times  after  that, 
prior  to  the  completion  of  the  timnel,  the  men  were  driven  out  of  the  heading 
by  sudden  flows  of  water  from  pockets. 

On  March  29th,  1896,  both  headings  were  brought  together,  completing 
actual  drivings  of  4,611  feet  in  17  months'  time,  1,531  feet  being  driven  down 
on  the  incline  at  a  cost  of  all  expense  outside  of  pumps  of  £3  16s.  (18J  dollars) 
per  foot;  and  2,080  feet  driven  from  the  surface  cost  at  tlie  rate  of  =£3  10s. 
(16f  dollars)  per  foot;  this  covered  every  item  of  cost,  including  that  of  boiler 
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and  air-compressor  plant  at  the  nioutli  of  the  tuuiiel.  The  problem  of  con- 
necting the  tunnel-ends  was  a  delicate  one,  as  the  surveyor  had  but  one  work- 
ing shaft  down  which  he  could  extend  iDlumb-lines.  The  lines  were  spaced  4 
feet  apart,  when  hanging  in  the  shaft  for  a  depth  of  over  900  feet.  The 
difficulty  of  vibration  was  overcome  by  using  plumb-bobs  each  of  25  pounds 
weight,  suspended  in  a  tub  of  heavy  glucose  syrup.  The  course  of  the  tunnel 
was  circuitous,  following  the  sinuous  course  of  the  vein  for  2,600  feet  and  the 
remainder  through  barren  country  rock. 

Since  the  completion  of  the  tunnel  to  the  main  shaft,  it  has  been  extended 
westward,  until  its  total  length  now  exceeds  6,700  feet.  The  size  of  the  tunnel 
is  8  feet  by  8  feet.  The  water  flows  in  a  ditch  by  the  side  of  the  track,  and  in 
drainage-expenses  alone,  the  tunnel  has  already  saved  over  ^£41,666  (200,000 
dollars).  But  the  tunnel  is  also  used  to  run  the  waste-rock  and  rubbish  from 
the  mine  to  the  outlet  of  the  tunnel,  where  the  dump  is  from  160  to  200  feet 
high,  and  covers  2  acres  of  ground.  Very  little  timber  is  used,  the  walls  being' 
firm  and  strong,  and  one  thing  of  notice  in  this  long  tunnel  is  the  row  of 
main  chutes  descending  from  the  working  above  and  discharging  rubbish 
into  the  cars.  X.  Y.  Z. 


PACKING  OF  WOEKED  SEAMS  IN  BAVARIA.* 

Erfahrim<jeH  ilher  Abbaumethoden  mit  Beiyrer-mtz.  By  Heinrich  Muller. 
Oesterreichhche  Zeitschrift  fur  Berg-  und  Htittenire-ien,  1900,  voL  xlriii. , 
page-i  347-351,  luith  ■ifgure-'-i. 
With  the  progressive  deepening  of  the  workings  at  the  Hausham  colliery. 
Upper  Bavaria,  the  rock-pressure  attained  such  dimensions  as  to  crush  the 
coal-pillars,  and  become  a  source  of  great  expense  in  repairs  and  of  danger 
to  the  miners;  consequently  the  jnllar  and  subsidence  method  with  partial 
packing,  hitherto  followed,  had  to  be  abandoned  iu  favour  of  longwall  work. 
The  plan  finally  adojited  was  to  drive  headings  both  ways  from  the  haulage- 
incline,  through  the  thin  (20  to  24  inches)  upper  seam  and  the  thicker  \^44  to 
46  inches)  lower  seam.  From  these  headings  a  number  of  intermediate  cross- 
drivages  were  cut  in  the  lower  seam  to  enable  the  face  to  be  attacked  at  a 
larger  number  of  points  simultaneously,  and  thus  clear  out  the  same  super- 
ficial area  as  in  the  thinner  upper  seam.  In  order  to  prevent  the  toughening 
noticeable  in  the  latter  when  the  thicker  seam  is  worked  first,  the  last-nained 
is  always  left  one  step  in  the  rear.  The  haulage-incline  of  each  working 
district  is  laid  in  the  upper  seam,  and  is  fitted  with  a  winch  for  raising  the 
packing;  a  safety-pillar  about  32  feet  thick  is  left  on  either  side  above  the 
draiuage-gallery,  and  the  coal  is  taken  out  from  the  lower  level  first,  so  that 
the  waste-rock  collected  in  driving  the  incline  can  be  lowered  to  serve  as  pack- 
ing. The  working  length  of  each  section  is  about  1,640  feet  (500  metres)  v,'ith 
a  superficial  height  of  328  feet  (100  metres),  so  that  after  deducting  33  feet 
(10  metres)  for  the  safety-pillar  above  the  drainage-gallery,  six  lifts,  each  of 
49  feet  (15  metres)  in  height,  can  be  set  out  one  above  another.  The  coal  got 
from  the  thicker  seam  is  removed  throvigh  the  intermediate  cross-drivages 
into  the  headings  in  the  thinner  seam,  and  thence  through  a  winze.  When  all 
the  coal  is  out,  these  cross-drivages  are  abandoned. 

This  method  ensures  uniform  production  and  obviates  the  19  to  20  per  cent, 
waste  occasioned  by  the  pillar  system,  considerations  more  than  outweighing 
the  greater  cost  of  working.  C.  S. 


*  Trar.a.  In.->t.  M.E.,  vol.  xix,,  page  505. 
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FLUSHING  OF  CULM  IN  ANTHEACITE  COAL-MINES. 

Flmhi)i(j  of  Culm  in  Anthracite  Coal-mines.  By  William  Griffith.  The 
Journal  of  the  Franklin  Institute,  1900,  rol.  cxli.r.,  par/es  27l-'282,  u-ith  ilfu-s. 
tnitions  in  the  text. 

Eecently,  the  "flushing  method"  has  been  adopted  for  disposing  of  the 
Wiiste  from  anthracite-mines.  By  this  process  the  culm  and  waste  material  is 
carried  back  to  the  mine,  with  water,  and  allowed  to  fill  part  of  the  abandoned 
portions  of  the  underground  workings. 

The  process  is  a  very  simple  one.  The  culm,  as  it  accumulates  in  the 
breaker,  is  carried  through  a  system  of  "  telegraphs "  or  conveyors  to  a 
liopper — usually  an  oil-barrel.  A  stream  of  water  is  also  conducted  into  the 
same  hopper  by  means  of  a  3  inches  pipe,  and  the  culm  is  carried  by  the  water 
through  a  pipe  usually  4  inches  in  diameter,  passing  out  of  the  bottom  of  the 
hopper.  This  pipe,  passed  down  into  the  mines  through  the  shaft,  or  by  means 
of  a  bore-hole,  is  conducted  along  the  gangways  and  up  the  chambers  through 
the  cross-cuts  to  the  point  where  it  is  desired  to  deposit  the  culm.  The  pipe 
used  is  an  ordinary  black  wrought-iron  pipe.  The  joints  are  ordinary  screw- 
joints  ;  or  more  commonly  a  piece  of.  4i  inches  pipe,  about  8  inches  long,  is 
split  on  one  side  and  placed  round  the  pipe,  being  held  together  by  two  clamps. 
This  form  of  joint  is  very  simple  and  easy  to  ajDioly.  It  leaks  for  a  short  time 
after  being  put  on,  but  the  crevices  are  soon  stopped  by  the  culm,  and  the  joint 
becomes  tight.  This  pipe  may  be  carried  from  the  foot  of  the  shaft,  either  up 
or  down  the  pitch.  Of  course,  if  it  is  carried  up  the  pitch,  more  water  is 
required  to  deliver  the  same  amount  of  culm  than  is  the  case  where  the  pipe 
is  carried  down  the  pitch  or  on  the  level.  The  culm  flows  freely  through  these 
pipes  for  long  distances,  and  may  be  deposited  at  almost  any  point  in  an 
ordinary  authracite-miue.  The  water  is  usually  turned  on  about  15  minutes 
before  the  work  starts  at  the  breaker,  and  is  allowed  to  run  about  15  minutes 
after  work  stops  in  the  evening,  in  order  thoroughly  to  clean  the  pipe. 
Occasionally,  stopj^ages  occur  when  the  pipe  becomes  filled  with  culm  from 
one  end  to  the  otlier,  and  this  of  course  requires  considerable  time  and  trouble 
to  get  clear  again.  It  is  usually  accomplished  by  breaking  a  joint  near  the  foot 
of  the  shaft,  and  allowing  the  pressure  of  the  water  to  force  the  culm  out  of 
a  section,  100  or  200  feet  in  length.  Connection  is  then  made  and  again  broken 
several  lengths  further  on,  and  the  water  used  to  clean  the  'pipe  again.  This 
process  is  continued,  until  the  pipe  is  all  cleared. 

The  culm  issuing  from  the  pijie  is  discharged  into  the  highest  point  of  the 
chamber  or  portion  of  the  mine  desired  to  be  flushed,  and  stoppings  are  jjlaced 
at  the  outlets  of  the  chambers,  near  the  gangways.  Tlie  culm,  as  it  is 
deposited  from  the  end  of  the  pipe,  takes  a  very  flat  slope,  and  is  carried 
a  long  distance  by  the  water,  which  ultimately  sinks  away  and  filters  through 
the  deposited  culm  to  the  lower  portion  of  the  mine,  whence  it  is  pumped  to  the 
surface  by  the  mine-pumps.  The  stoppings  are  often  simply  board  partitions 
placed  across  the  end  of  the  chamber  and  fitted  closely,  or  sometimes  dry  walls 
of  slate  or  mine-rubbish  are  used,  a  dyke  of  culm  being  piled  behind  the  wall, 
through  which  the  water  may  filter. 

When  the  chamber  is  filled  to  the  roof,  the  pipe  is  withdrawn  and  culm 
allowed  to  ran  into  the  next  chamber,  and  so  the  process  continues  until 
the  desired  area  is  completely  filled  with  culm. 

Among  the  advantages  claimed  in  favour  of  the  flushing  process  may  be 
mentioned  the  help  that  may  be  afforded  to  the  pillars  by  flushing  culm  at  the 
time  of  a  squeeze  in  a  coal-mine.     It  is  also  said  to  be  a  iDreventive  of  mine- 
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fires,  as  a  mixture  of  culm  with  water  might  readily  be  used  for  the  purpose 
of  drowning  a  fire,  since  by  placing  the  proper  stoppings  around  the  fire,  as 
is  usually  done,  for  excluding  the  air,  water-and-culm  could  be  flushed  in 
through  boreholes  from  the  surface  until  the  space  was  completely  filled  with 
wet  culm.  This  method  would  effectually  exclude  the  air,  and  in  all  prob- 
ability stop  the  fire,  particularly  if  water  were  kept  running  in  the  bore-hole, 
so  that  it  could  seep  through  the  culm  in  order  to  keep  it  wet.  Another  ad- 
vantage is  that  an  additional  quantity  of  coal  may  be  mined  by  first  flushing 
the  old  workings  with  culm,  and  then  extracting  the  pillars.  This  may  be 
safely  done,  but  the  percentage  of  extra  coal  recovered  depends,  of  course,  upon 
the  conditions  which  obtain  at  each  colliery ;  perhaps,  however,  20  or  more  per 
cent,  may  be  saved,  provided  that  the  mine  is  worked  and  portions  flushed 
with  the  view  of  recovering  it. 

This  question  of  flushing  of  culm  into  mines  may  eventually,  the  author 
considers,  be  expanded  to  the  larger  question  as  to  whether  or  not  it  may  be 
advantageous,  when  facilities  w-arrant,  to  flush  sand,  loam  and  other  material 
from  the  surface  into  the  mines  for  the  same  purpose.  M.  W.  B. 


MACHINE-HAULAGE  IN"  THE  COLLIEEIES  OF  UPPER  SILESIA. 

Die  Masch'nielleii  Strecken/ordermigen  auf  den  Oberschte-'iischen  SteinJcohlengrubeii. 
By  Dr.  Heimanx.  Gliickauf,  1900,  vol.  xxxvi.,  pages  449-456;  and  Zeit- 
schrift  fur  das  Berg-,  Hiitten-  und  Salinenwesen  im  Preussischen  Staate,  1900, 
vol.  xlviii.,  pages  18-51,  n'ith  ISfgures. 

In  Upper  Silesia,  (A)  chain-haulage  is  employed  in  six  pits;  (B)  roi)e-haul- 
age  :  (a)  using  knots  at  seven  pits ;  with  doiible  knots  at  three  i5its ;  with  single 
knots  at  four  pits ;  (6)  using  smooth  rojDcs  at  ten  pits ;  with  forks  at  three  pits ; 
(6")  with  chain-couplings  at  seven  pits;  (D)  locomotive  haulage  at  three  pits: 
electric  locomotives  at  two  pits;  and  a  locomotive  worked  with  benzine  at  one 
pit.     Table  I.  shows  the  results  obtained. 

In  comparing  chain-  and  rope-haulages,  the  following  points  may  be  noted 
as  in  favour  of  rope-haulage.  (1)  The  chain  is  considerably  heavier  than  the 
rope,  1  metre  weighing  17'63  pounds  (8  kilogrammes);  whilst  1  metre  of  corre- 
sponding rope  weighs  about  3"96  pounds  (1'8  kilogrammes).  The  use  of  the 
latter,  therefore,  constitutes  an  important  economy  in  dead  weight.  If  it  is 
assumed  that  the  tubs  follow  at  distances  of  66  feet  (20  metres)  apart,  each  tub 
will  carry  a  weight  of  353  pounds  (160  kilogrammes)  of  chain.  As  the  distance 
between  the  tubs  cannot  always  be  kept  uniform,  but  sometimes  increases 
to  130  or  200  feet  (40  to  GO  metres),  this  weight  is  correspondingly  increased, 
so  that  the  tubs  themselves  are  liable  to  suffer  considerable  damage,  especially 
as  regards  bending  of  the  axles  and  crushing  of  the  front  plates.  (2)  It 
is  much  more  dif&cult  to  turn  a  curve  with  a  chain  than  with  a  rope.  (3) 
"With  a  chain,  a  definite  minimum  output  must  be  fixed.  If  the  amount  of 
coals  to  be  carried  be  small,  empty  tubs  must  be  inserted,  to  prevent  the  chain 
from  dragging  on  the  ground;  because  if  the  chain  is  allowed  to  drag,  it  not 
only  becomes  worn,  but  very  much  additional  work  is  thrown  upon  the  haul- 
ing-engine.  If,  on  the  other  hand,  the  quantity  to  be  transported  be  very 
great,  the  distance  between  the  tubs  has  to  be  decreased  to  such  a  point  that 
the  weight  of  the  chain  is  no  longer  sufficient  to  drag  them.  In  this  case, 
therefore,  a  very  hea\^  chain  must  be  employed,  or  else  forks  must  be  used.  In 
this  latter  case,  the  special  advantage  of  the  chain,  namely,  the  absence  of 
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auy  form  of  coupling:  between  the  chain  and  the  tub,  is  lost.  In  the  case  of 
ropes,  the  objection  that  there  nmst  be  a  minimum  amount  of  mineral  trans- 
ported does  not  appear,  seeing  that  endless-rope  haulage  will  pay  even  with  a 
daily  transport  of  250  tons,  and  there  is  also  much  less  danger  of  a  rope 
dragging  on  the  ground  than  in  the  case  of  the  chain.  The  maximum  limit  is 
very  much  higher  than  in  the  former  case,  because  the  tubs  can  be  jnit  as  close 
together  as  required  when  a  rope  is  used,  and  by  using  the  newer  methods  of 
chain-couplings,  or  clutches,  as  many  as  4  tubs  at  a  time  can  be  attached.  If 
there  are  several  points  at  which  tubs  have  to  enter  and  leave  the  system,  this 
is  very  much  more  easily  effected  in  the  case  of  ropes  than  in  the  case  of  chains. 

TABLE  I. 


Name  of  Pit 
and  District. 


Length  of 
Haulage. 


Number 

of 
Curves. 


S-M.Z 


Annual  Efficiency. 


Cost  per  Ton. 


Kilom.     Mile 


A.— CHAIN-HAULAGE. 


Hugo  und  Zwang  . . 
Mathilda,  Westfeld 
Deutschlaud  . .  . . 
HoheuzoUem  . .  . . 
Konig,  Bahnschacht 

Concordia 

Mathilde,  Ostfeld   .. 


Metres. 

Feet. 

400 

1,312 

— 

1 

1.430 

4,691 

^ 

3 

800 

2,624 

— 

1 

1,850 

6,069 

1 

— 

1.370 

4,494 

— 

3 

1,160 

3,805 

3 

4 

1,440 

4,724 

2 

3 

Ton  I 
Kilometres 
87,000 
124,860 
182,400 
271,828 
510,616 
512,000 
523,107 


Ton 
Miles. 
53.193 
76,341 
111,522 
166,200 
312,198 
317,935 
319,835 


Pfennig 
10-40 
10-80 
4-08 
4-30 
3-98 
4-90 
5-50 


Pence. 

1-97 
2  05 
0-77 
082 
076 
0-93 
1-04 


B. -ROPE-HAULAGE  WITH  CLIP.S. 


Brade  

Deutschland  . . 
BeatensglUck  . 
Consolidated  Florentine 
Hedwigswunsch  . .  . . 
Redensblickschacht  II. 

Brandenburg 

Ferdinand 

Konigin  Luise,   Ostfeld 
Do.,  Westfeld 


850 

2,788 



2 

560 

1,837 

— 

2 

1,122 

3,681 

8 

7 

1,150 

3,773 

1 

1 

1,850 

6,069 

7 

— 

1,530 

5,019 

3 

3 

1,605 

5,265 

— 

2 

1,460 

4,790 

6 

2 

1,680 

5,511 

1 

3 

2,200 

7,218 

2 

2 

62,700 
120,000 
135,000 
135,760 
193,578 
218,325 
326,000 
493,584 
596,656 
1,275,990 


38,336 
73,370 
82,541 
83,917 
118,356 
133,486 
199,321 
301,784 
364,984 
780,158 


7-50 

6-80 

9-50 

5-90 

14-70 

7-50 

4-80 

5-70 

5-30 

1-96 

1-42 
1-29 
1-80 
1-12 
2-77 
1-42 
0-91 
104 
100 
0-37 


C.-ROPE-HAULAGE  WITH  COUPLING-CHAINS. 


Myslowitz 

Cleophas     

Konigs,  Sudfeld 

Konigs,  Ostfeld      . . 
Consolidated  Giesche, 
Kronprinzschacht 

Laurahiitte,  Richter 

Schachte 

Grafin   Laura,    Bahn- 
schacht       . .     . . 


1,000 

3,280 

_ 

2 

650 

2,132 

— 

2 

1,532 

5,026 

11 

4 

.(1,100 

3,6081 

'    700 

2,296) 

i'l,820 

5,971 1 

•  1,000 

3,280- 

— 

— 

■2,000 

6,561) 

(    550 

1,804, 

,1,100 

3.608'. 

— 

— 

^1,40J 

4,593) 

- 

- 

5 

- 

252,972 
273,600 
308,328 
417,636 

490,800 
519,000 
894,988 


154,671 
167,283 
188,516 

255,348 


300,032 
317,324 
547,208 


7-05 
5-10 
9-90 

6-60 


1-33 
0-96 
1-88 

1-23 


7-70  1-46 

6-70    I  1-27 

I 

4-20    I  7-90 


D.  -LOCOMOTIVE-HAULAGE. 


1  1  Laurahiitte,    Knoff- 
!       schacht        . .     . . 

2  Lychaodra 

3  1  Paulus-Hohenzollern 


450 
1.250 


1,476 
4,101 


44,550 
121,107 
199,299 


27,238 
74,046 

121,854 


7-70 
8-60 
7-90 


1-46 
1-62 
1-50 


'  Almost  straight. 


H,  L. 


ENDLESS-ROPE  HAULAGE. 

Slope  Xo.    6,    Pratt  City,   Alabama:    An   Example   of  Endlesft-rope  Haidarje,  the 

Longest  Haida^e  in  the  Sotith.    By  Neill  Hutchings.    Minefi  and  Minerals, 

1900,  vol.  XX.,  pages  251-252,  loith  ilhistrations  in  the  text. 

At  Pratt  City,  Alabama,  where  are  located  the  extensive  collieries  of  the 

Tennessee  Coal,  Iron  and  Eailroad  Company,  it  was  a  puzzling  question  to 

the  company's  engineers  whether  the  coal  could  be  mined  cheapest  through 

an  expensively  steep  rock-slope,  or  by  means  of  a  haulage  of  unusual  length 
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tliroiigli  tlie  Xo.  6  sloioe.  The  introduction  of  the  latter  meant  an  outlay  of 
about  i'6,000  (30,000  dollars),  not  including  the  cost  of  the  rope  and  cars;  an 
endless-rope  haulage  of  2i  miles  round  curves  of  24  degrees  and  39^  degrees; 
pinion-wheels  able  to  stand  the  strain  of  hundreds  of  loaded  cars  on  a  rope 
of  this  length  (this  has  since  been  found  to  be  the  hardest  matter  to  over- 
come), and  minor  details  of  almost  equal  difficulty.  The  work  was  commenced 
in  1898.  From  the  slope-mouth  to  the  bull-wheel,  the  original  distance  was 
11,765  feet,  but  is  now  several  hundred  feet  longer.  Tlie  jjrincipal  difficulty 
of  making  the  endless-rojDe  haul  cars  round  the  curves  above-named  was 
solved,  by  building  the  track  in  such  a  manner  that  for  the  entire  distance 
around  the  curves  it  was  itself  curved.  The  tendency  of  the  jope  to  run 
in  a  straight  line  on  the  curves  was  thus  overcome,  the  strain  coming  on  the 
lower  part  of  the  cars,  holding  them  firmly  on  the  track  until  the  straight 
stret<?hes  are  reached.  The  haulage-system  is  the  overhead;  tlie  cars  are 
attached  to  the  rope  by  goose-necks,  and  the  speed  is  2  miles  an  hour.  At 
the  necessary  points,  the  track  is  graded,  so  that  the  cars  release  themselves 
from  the  rope,  or  attach  themselves  to  it  by  the  action  of  gravity.  The 
grade  of  the  slope  is  not  unusual,  portions  being  level,  and  the  total  difference 
of  level  between  the  slope-mouth  and  the  deepest  point,  3  miles  distant,  is 
336  feet.  About  135  loaded  cars  and  the  same  niimber  of  empty  cars  are 
constantly  on  the  rope;  the  output  is  600  tons  per  day,  which  will  soon  be 
largely  augmented.  Apart  from  freciuent  breakages  of  the  teeth  of  the 
pinion-wheels,  the  operations  are  attended  with  great  success.         X.  Y.  Z. 


AN  ELECTEIC  HAULAGE-PLANT. 

Mine  Xo.  15,  Bich  Hill,  Jlissouri.     By  Charles  Evaxs.     Jlines  and  Minerals, 
1900,  vol.  XX.,  pages  412-413. 

Mine  No.  15,  owned  and  operated  by  the  Eich  Hill  Coal  and  Mining 
Company,  is  located  2  miles  south  of  Eich  Hill,  Bates  County,  Missouri. 

It  is  entered  by  a  vertical  shaft,  and  the  seam  of  coal  worked  lies  106  feet 
below  the  surface.  The  mine  has  produced  as  much  as  1,500  tons  in  a  day,  and 
for  a  long  time  averaged  1,250  tons  per  day.  Latterly,  the  output  decreased 
to  800  tons,  due  largely  to  the  long  haul.  This  state  of  affairs  sugg3sted 
electric  haulage,  and  at  present  the  main  entry  on  the  south  side  is  worked 
by  that  system.  The  cost  of  the  change  has  been  considerable,  the  electric 
plant  grading  4,600  feet,  of  which  1,000  feet  was  a  cut  averaging  6  feet  in 
depth  in  order  to  secure  a  jjroper  grade.  The  motor  runs  from  the  shaft  to 
the  present  face  of  the  southern  entry,  a  distance  of  4,600  feet,  and  makes  the 
round  trip  of  9,200  feet  with  20  cars  both  ways,  in  less  than  7  minutes.  This 
by  no  means  represents  the  full  capacity  of  the  motor,  and  the  results  are  so 
satisfactory  that  a  motor  has  been  ordered  for  the  north  side  also.  The 
output  of  the  mine  quickly  rose  to  1,100  tons,  and  will  probably  reach  a  daily 
average  of  1,400  tons. 

Tlie  power-house  for  the  new  plant  adjoins  the  old  engine-house,  and  the 
wires  leading  therefrom  to  the  mine  are  provided  with  resistance-coils  and 
lightning-arresters.  The  ground-wire  in  the  mine  is  carried  on  the  left  side 
of  the  track,  and  connected  with  the  bond-wires  on  the  track  at  every  third 
rail  on  each  side  of  the  track.  The  live-wire  is  connected  to  the  trolley-wire 
in  the  shaft-bottom.  The  trolley-wire  sets  7  inches  to  the  side,  and  at  an 
elevation  of  5  feet  from  the  top  of  the  rail.      The  electric  plant  consists  of  an 
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automatic  high-speed  150  horsepower  engine,  with  two  cylinders  14  inches  in 
diameter  by  18  inches  stroke,  driving,  with  a  16  inches  perforated  belt,  a 
Westinghouse  dynamo,  275  volts,  364  amperes;  Weston  ammeter;  Weston 
voltmeter;  Westinghouse  rheostat,  100  kilowatt,  275  volts;  magnetic  blow- 
out;  circuit-breaker,  and  a  Jeffrey  improved  motor.  X.  Y.  Z. 


ACCIDENTS  IN  PASSES  OR  CHUTES  IN  BELGIUM. 

Les  Accidents  mirvemis  dans  les  Cheminies  d^ Exploitation,  pendant  Its  Anniefi  \^%A 
a  1898,  inclusivement.     By  Victor  Watteyne  and  Lucien  Denoel.     An- 
nates des  Alines  de  Behjique,  1891),  vol.  iv.,  pages  55-95  and  281-344. 
These  accidents  are  comparatively  few  in  number;    and  the  authors  have 
gone  back  to  1884,  the  year  in  which  the  last  general  mining  regulations  were 
issued,  so  as  to   include  a  larger  number  of  accidents  of  this  class  in  their 
report.     During  this  period  of  15  years,  62  accidents  occurred  in  passes,  causing 
51  fatalities  and  13  cases  of   serious  injury.       These  accidents  are  grouped 
according  to  their  causes  or  the  circumstances  under  which  they  occurred; 
and   they  are   treated   under  the   following   heads: — (1)   Clearing   obstructed 
passes;    (2)  falls  of  rock  or  goaf;    (3)  falls   down  the  passes;    and  (4)  mis- 
cellaneous. 

(1)  Clearing  obstructed  Passes. — Almost  all  the  accidents  of  this  class,  27 
out  of  31,  happened  while  the  pass  was  being  cleared  from  below,  and  only 
2  while  it  was  being  cleared  from  above,  and  1  through  a  dynamite-cartridge. 
These  accidents  are  nearly  always  fatal,  death  being  generally  caused  by 
suffocation.  Three  of  the  accidents  due  to  clearing  from  below  entailed  the 
death  of  lads  who  happened  to  be  near;  and  in  all  the  other  cases  those  who 
effected  the  clearing  were  killed.  Of  the  remaining  24  accidents,  (a)  20  were 
due  to  a  sudden  fall  of  the  obstruction  while  the  workman  mounted  the  pass 
or  stood  underneath  it,  or  again,  was  actually  proceeding  to  the  work  of 
clearing;  (6)  1  accident  was  attributed  to  suffocation  through  a  too  long 
stay  in  an  atmosphere  rendered  irrespirable  by  a  large  quantity  of  coal-dust; 

(c)  1  was  caused  by  the  formation  of  a  fresh  obstruction  below  the  workman ; 

(d)  1  arose  from  the  fall  of  a  man  as  he  was  mounting  the  pass  to  clear  it; 
and  (e)  1  was  due  to  a  fall  of  roof. 

Compared  with  the  number  of  men  engaged  in  clearing  passes,  the 
number  of  accidents  is  considerable;  and  the  risk  run  by  those  so  engaged  is 
greater  than  that  of  miners  generally.  The  methods  employed  for 
clearing  are  of  two  kinds:  one  consisting  in  the  endeavour  to  remove  an 
obstruction  from  the  outside,  without  entering  the  pass,  while  in  the  other 
the  man  enters  the  pass.  Among  the  methods  of  tlie  first  kind  is  that  of 
pulling  chains  or  knotted  ropes  jDreviously  hung  in  the  passes,  a  practice  that 
sometimes  effects  the  desired  result;  and  another  method,  which  would  appear 
to  be  more  efficacious,  consists  in  prodding  the  obstruction  with  long  tools 
from  below.  In  a  third  method,  both  safe  and  effective,  applicable  to  jjasses 
divided  longitudinally,  one  compartment  being  left  free,  the  man  gains  the 
obstruction  by  the  free  compartment,  takes  down  part  of  the  brattice,  and 
then  the  obstruction  can  be  readily  cleared.  Lastly,  even  if  the  pass  be  not 
double,  it  may  be  reached  through  the  goaf  from  a  neighbouring  pass,  a 
communication  being  made  to  the  obstruction,  which  can  be  cleared  in  the 
manner  just  mentioned;  but  this  method  is  evidently  slow,  and  unsuitable  if 
the  strata  are  inseciire  or  the  distance  considerable. 

In  the  second  category,  a  distinction  must  be  drawn  between  two  different 
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methods :  one  of  which  cousists  in  desceudiug  into  the  pass  and  the  other  in 
ascending  into  it  from  below.  In  the  former  case,  the  man,  fastened  by  ropes 
to  the  timbers  at  the  top  of  the  pass,  lowers  himself  into  it;  he  first  tries  to 
clear  the  obstriiction  by  tools,  but,  failing  in  this,  he  fills  into  skips  all  the 
coal,  which  is  drawn  up  by  another  man  to  the  upper  road.  Although  slow 
and  not  free  from  danger,  this  method  is  far  more  certain  than  that  of  entering 
the  pass  from  below.  ^Yhen  the  obstruction  is  reached,  the  man  builds  under 
it  a  small  platform;  and  then,  working  away  at  the  obstruction  with  tools, 
he  causes  the  coal  to  fall,  after  which  he  proceeds  in  one  of  the  two  following 
manners.  He  either  weakens,  by  saw-cuts  or  otherwise,  the  timbers  of  which 
the  platform  is  constructed,  ties  a  rope  to  them  and,  after  descending  into 
the  lower  road,  pulls  smartly  on  to  the  rope  so  as  to  remove  the  platform ;  or, 
remaining  in  the  jDass,  he  makes  an  opening  in  the  platform,  through  which 
he  sends  down  all  the  coal  that  has  stopped  the  pass.  In  other  cases,  the  work- 
man directly  removes  the  obstruction,  protecting  himself  as  well  as  possible 
with  rice-wood  {fagot  dt  fascines),  bringing  down  the  coal  at  his  side  and 
rising  in  the  pass  as  he  forms  a  passage,  often  making  his  exit  at  the  top 
after  having  traversed  the  pass  from  end  to  end. 

(a)  When  the  pass  is  cleared  by  moving  chains  or  knotted  ropes,  if  the 
workman  remains  underneath  the  pass  he  is  liable  to  be  overwhelmed  by  the 
falling  coal ;  and,  if  he  performs  this  operation  from  the  top,  he  may  himself 
fall  into  the  pass.  Accideiits  may  be  avoided,  however,  by  arranging  the 
chains  or  roioes  so  that  they  can  be  worked  by  a  man  holding  on  to  the  side  of 
the  jiass.  With  the  same  precautions,  working  at  the  obstruction  by  long  tools 
may  be  effected  safely  either  from  the  top  or  from  the  bottom;  but  in  the 
latter  case,  if  the  obstruction  be  so  high  that  the  man  cannot  avoid  placing 
himself  in  the  centre  line  of  the  pass,  it  is  advisable  to  open  the  hopper  only 
so  much  as  may  be  necessary  for  working  the  tools,  and  also  to  strengthen  it 
by  props  so  as  to  prevent  it  from  yielding  to  the  shock  of  falling  coal,  etc., 
when  the  clearing  is  effected.  These  two  methods,  easily  emjjloyed  and  free 
from  danger,  are  to  be  recommended. 

Working  at  the  obstruction  by  a  lateral  passage  did  not  cause  a  single 
accident  during  the  long  jDcriod  under  notice;  but  the  possibility  may  be 
feared  of  a  sudden  irruption  of  coal  through  the  opening  made  in  the 
brattice.  If,  however,  the  obstruction  be  exactly  located  and  the  opening 
be  made  carefully,  such  cause  of  danger  may  be  easily  avoided.  This  method 
of  proceeding  may  be  regarded  therefore  as  irreproachable  from  a  safety 
standpoint,  while  it  is  also  effective;  but  a  double  pass  may  be  considered  to 
entail  too  great  expense,  especially  with  insecure  rocks.  On  the  other  hand, 
the  existence  of  such  spaces  in  the  goaf  may  cause  a  loss  of  the  air-current ; 
but  this  disadvantage  may  be  sufficiently  avoided  by  closing  the  passes  at 
both  ends,  or  at  any  rate  at  the  bottom  end.  It  is  also  possible  that  fire- 
damp may  accumulate  in  these  spaces ;  but  such  accumulations,  less  dangerous 
than  is  generally  supposed,  will  not  occur  if  care  be  taken  to  avoid  closing 
the  upper  end.  Moreover,  it  is  desirable  to  provide  a  sufficient  volume  of 
air  for  leakages  through  the  goaf. 

(h)  Entrance  into  the  pass  caused  nearly  all  the  accidents  during  the  period 
of  15  years.  When  a  man  descends  into  the  pass,  the  great  danger  consists  in 
H  subsidence  of  the  obstruction;  and,  in  order  to  guard  against  it,  he  should 
attach  himself  by  a  rope  and  safety-belt  to  a  strong  jDro]],  he  should  avoid 
stamping  upon  the  coal,  and  he  should  stand  on  a  plank,  or  on  a  few  timbers 
forming  a  rough  platform,  and  try  to  cause  a  fall  of  the  coal  by  a  suitable 
tool.     If  the  pass  be  cleared  from  the  top,  there  is  the  chance  of  accident 
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through  coal  falling  out  of  the  skips,  or  of  the  skips  falling,  or  of  the  roof 
giving  way,  etc. ;  but  the  first  source  of  danger,  which  is  not  greatly  to  be 
feared,  may  be  avoided  with  a  few  precautions. 

Entering  the  pass  from  below  causes  a  large  number  of  accidents,  as  the 
workman  is  exposed  to  many  dangers  from  which  he  cannot  be  wholly  secured. 
For  instance,  the  coal  falling  upon  him  from  above,  and  the  platform  on  which 
he  stands  may  yield  to  the  falling  coal.  The  stationing  of  a  man  at  the  bottom 
of  the  pass  and  the  removal  of  the  hopper,  are  inadequate  precautious;  and  the 
formation  of  the  passes  at  an  inclination  of  30  to  35  degrees,  while  diminishing 
the  risk,  does  not  entirely  supjiress  it. 

The  following  precautions  are  recommended :  — Passes  shoiild  be  placed  in 
safe  strata,  with  sufficient  slope  and  without  sudden  variations  or  changes  of 
direction.  Passes  should  be  securely  timbered ;  the  goaf  should  be  seciired 
by  paek-walls  and  a  strong  lining  made  of  boards,  rather  than  thin  flexible 
timbers ;  and,  if  the  floor  be  not  sufficiently  smooth,  it  should  be  covered  with 
boards  or  iron  plates  to  favour  sliding.  Passes  should  not  be  made  at  too 
low  an  angle;  they  shovild  be  divided  into  suitable  lengths,  accessible  by 
supplementary  roads ;  and  should  not  be  placed  in  a  straight  line,  but  so  that 
each  one  can  be  entirely  shut  off  from  the  others.  Passes  should  be  divided 
longitudinally  by  a  brattice,  so  that  one  compartment  may  always  be 
accessible  to  the  workmen.  Further,  the  passes  should  be  frequently  inspected 
and  repaired,  a  frequent  cause  of  obstruction  due  to  breakage  or  displace- 
ment of  timbers  being  thus  removed;  care  should  be  taken,  that  large  pieces 
are  not  sent  down,  as  they  might  cause  obstruction  or  damage  the  lining; 
and  all  timbers,  rice-wood,  etc.,  that  may  fall  into  the  jjasses  should  be  at 
once  withdrawn. 

In  the  event  of  obstruction,  the  passes  should  be  cleared  by  chains  or 
knotted  ropes  placed  in  the  passes,  or  by  means  of  boring-iods;  and,  within 
double  passes  or  sheet-iron  jjasses,  a  few  blows  on  the  brattice  will  often  dis- 
lodge the  obstruction.  The  extreme  measure  of  taking  the  coal  out  by  the 
top,  or  making  a  passage  at  the  level  of  an  obstruction,  should  be  resorted 
to  only  in  rare  instances. 

(2)  Falls  of  Rock  or  Goaf. — Of  the  10  accidents  recorded  under  this  head, 
2  were  due  to  falls  of  the  enclosing  rock,  and  the  7  others  to  falling-in  of 
the  goaf;  and,  except  in  two  of  them,  the  falls  occurred  while  the  passes 
were  being  packed  or  coal  was  being  sent  down  them,  the  immediate  cause 
appearing  to  have  been  the  shock  of  stones  or  large  pieces  of  coal  against  the 
timbering.  It  is  recommended  that  passes  be  built  with  the  greatest  care, 
and  timbered  carefully  and  regularly.  The  passes  should  always  be  filled  as 
full  as  possible;  great  care  should  be  taken  not  to  throw  down  them  too 
large  pieces  that  would  knock  against  the  sides  and  remove  the  timber-lining; 
and  a  grating  should  be  placed  at  the  mouth  of  each  pass. 

(3)  Falls  down  Passes. — It  is  recommended  that  (o)  the  mouth  of  a  pass 
should  be  protected  by  a  strong  movable  cover;  (6)  when  a  large  obstruction 
is  to  be  cleared,  two  platforms  shovild  be  built,  as  is  customary  in  shafts; 
(c)  in  passes  used  for  travelling  with  slippery  floor,  aiul  without  transverse 
timbers,  ladders  or  ropes  should  be  provided;  and  (d)  the  7nouth  of  any  pass 
temporarily  disused,  or  used  for  ventilation  and  travelling,  should  be  so 
situated  as  to  prevent  men  from  falling  into  it  who  have  to  pass  along  the 
roads. 

(4)  Miscellaneous. — The  number  of  accidents  in  passes  may  be  diminished ; 
but  the  work  of  clearing  is  always  dangerous,  suffocation  being  the  cause  of 
manv  fatalities.  J-  W.  P. 
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COMPOLND  WINDING-ENGINES. 

Ueher  Compound- Forderyiia-'ichmen,  deren  Betriths-  mid  DampfconsumrerJialtnime. 
By  Julius  Divis.  Oefsterreichische  Zeifschri/t  fiir  Berg-  itnd  Hiittenu-eseUr 
1899,  vol.  xlvii.,  pages  550-553,  568-570,  581-584,  594-596  a?; rf  605-607. 
The  experiments  were  carried  out  by  the  author  on  a  converted  compoiiud 
winding-engine  at  the  Eudolf  colliery,  Pribram,  and  a  similar  but  uncon- 
verted (non-compound)  double-cylinder  winding-engine  at  the  Segengottes 
colliery.  The  former  engine  was  designed  to  raise  a  nett  load  of  1,650  pounds 
(750  kilogrammes)  a  height  of  1,476  feet  (450  metres),  the  tubs  weighing  550 
pounds  (250  kilogrammes),  the  cage  2,420  pounds  (1,100  kilogrammes)  and  the 
rope  1,760  pounds  (800  kilogrammes);  and  its  dimensions  were:  diameter  of 
the  high-pressure  cylinder  11-02  inches  (280  millimetres),  of  the  low-pressure 
cylinder  17'71  inches  (450  millimetres);  stroke  25'59  inches  (650  millimetres). 
The  other  winding-engine  had  the  same  stroke,  and  two  cylinders  of  the  same 
dimensions  as  the  high-pressure  cylinder.  For  the  compound-engine,  the 
author  devised  a  special  valve  to  be  held  open  by  the  engineman  in  starting, 
with  a  view  to  prevent  waste  of  steam  through  carelessness.  Both  engines 
were  non-condensing,  and  worked  at  an  admission-pressure  of  3  to  3'8 
atmospheres. 

Table  I.— Experiments  ox  Wixdog-exgixes. 


No.  of  Experiment. 


Xou- 
compound. 


Compound. 


Fuel  con.sumed,  pounds  

,,  „  kilogrammes 

Feed-water,  nett,  pounds  

,,  kilogrammes 

Height  of  lift,  feet 

,.  ,,    metres        

Nett  load,  average,  pounds        

,,  ,,       kilogrammes 

Average  length  of  stoppages,  minutes 
Output  in  brake  horsepower  per  hour 

,,        ,,  brake  horsepower        

Steam  consumed  per  brake  horsepower  per 

hour,  pounds       

>■       >>       ,)       >.       >,       •>    kilogrammes 

,,        ,,       ,t  percentage  ratio 


1,100 
500 
5,044 
2,293 
701-6 
213-8 
1,293-8 
588-1 
2-11 
44-29 
16-90 
112-8 


1,474      I  1,408 

670  6*0 

6,030     1 6,237 

2,741        2,835 

901-7    1,102-4 

274-8       336 

1,264-5    1,3180 

5748       5941 

179 

55  00 

20-37 

108-7 


1-60 
6800 
22-29 
91-7 


51-77j      49-91, 
103-72'     lOO-OOJ 


41-69 
83-53 


1,045 
475 
5,900 
2,682 
1,102-4 

336 
1,523-2 
692-4 
1-72 
70  67 
22-50 
77-5 

S5-24; 
70-60 


1,045 
475 
6,208 
2,822 
1,102-4 

336 
1,402-7 
637-6 
1-51 
67-45 
23-58' 
92  051 


1,375  1,320 
625  I  600 
7,719  [5,682 
3,509  1 2,583 
1,102-4  1 1,102-4 

336      I     336 
1,360-7  1 1,297 -5 
618-5  I     589-8 
1-90 
62-35 
22-67 
123-8 


41-841      56-27 
83-83     112-76 


1-71 
5945 
22-18 
95  6 


43-45 
87  05 


Table  I.  embodies  a  synopsis  of  the  results  obtained.  The  influence  of  an 
increased  height  of  lift  on  the  consumption  of  steam  is  shown  in  Xos.  1  and 
2  experiments,  and  the  saving  effected  by  compounding  may  be  calculated, 
from  Xos.  2  and  3  experiments,  as  about  12f  per  cent,  for  equal  heights.  The 
advantage  of  winding  heavy  loads  for  compound  engines  is  seen  from  Nos.  3 
and  4  experiments :  the  increase  of  the  load  by  205  pounds  reducing  the  steam- 
consumption  by  14-2  pounds  per  horsepower  per  hour.  No.  5  experiment 
records  the  result  of  regulating  the  admission  of  steam  by  the  throttle-valve 
alone,  and  shows  that  the  compound  winding-engine  wastes  less  (3  to  5  per 
cent.)  than  the  ordinary  engine  (15  per  cent.)  through  carelessness  in  dri\dng. 
In  No.  6  experiment,  the  compound-engine  was  run  as  a  non-compound,  the 
waste  bringing  down  its  efficiency  to  12i^  iper  cent,  below  that  of  the  double- 
cylinder  engine  (No.  2  experiment).  This  illustrates  the  advantage  of  a 
sjiecial  starting-valve  such  as  the  one  already  mentioned. 

On  disconnecting  the  steam-jackets  on  the  cylinders,  the  results  given  in 
No.  7  experiment  were  obtained,  namely,  a  loss  of  3^  per  cent,  of  steam.  A 
large  quantity  of  water  was  condensed  in  the  cylinders  during  this  experiment. 
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aud  the  t.ips  had  to  be  left  opeu  throiigliout,  to  prevent  damage  from  con- 
cussion. 

In  further  tests  with  a  load  of  1,390  pounds  (632  kilogrammes)  from  a  depth 
of  1,351  feet  (412  metres),  the  compound-engine  exhibited  a  saving  of  10 
per  cent,  in  steam-consumption;  and  taking  the  results  generally  the  economy 
of  steam  in  favour  of  the  compound  winding-engine  was  calculated  at  an 
average  of  12  per  cent.  C.  S. 


POWEE  FEOM  THE  DESCENT  OF  GOB-MATERIAL. 

Deiceiiderie  du  Puits  de  la  Pompe.  By  —  Berne.  Comptes-rendus  Metuuels  den 
Reunions  de  la  Socidt4  de  I'lndustrie  Minerale,  1899,  pages  ^lO-'lTi,  irith  1 
plate. 

The  first  installation  for  compressing  air,  by  the  descent  of  gob- 
material,  comprized  two-decked  cages  taking  a  tub  on  each  deck,  two 
empty  tubs  being  brought  up  at  every  lift.  The  round  steel-wire  rojje 
weighed  rather  more  than  14  pounds  per  yard  (7"1  kilogrammes  per  metre); 
aud  the  balance-chains  each  1,010  feet  (308  metres)  long,  weighed  36 
pounds  per  yard  (18  kilogrammes  per  metre).  At  bank,  the  rope  passed  over 
three  pulleys,  16  feet  (5  metres)  in  diameter,  arranged  in  the  same  vertical 
plane,  and  so  that  the  centre  line  of  one  of  the  cages  formed  a  tangent  to  the 
rim  of  two  of  them.  The  shaft  of  the  third  pulley,  which  also  served  for 
braking,  was  cotipled  to  the  double  crank-shaft  driving  the  pistons  of  two 
air-compressing  cylinders.  On  starting,  the  motive  effort  was  2'8  tons;  and 
on  arrival  it  was  ^  ton.  The  compressing  cylinders,  which  had  a  diameter  of 
17-71  inches  (45  centimetres)  and  a  stroke  of  39'37  inches  (1  metre),  were 
designed  to  fulfil  the  condition  of  (1)  not  interfering  with  movement  of  the 
cage  at  landings,  while  jsermitting  of  the  attainment  of  a  sufficient  speed,  and 
(2)  preventing  the  speed  from  becoming  excessive,  es^Dccially  if  the  weight  of  a 
tub-load  should  exceed  the  mean.  These  conditions  were  realized,  by  means  of 
(1)  a  retaining  valve  which  prevented  a  return  of  air  from  the  receivers  to  the 
compressing  cylinders,  and  (2)  a  centrifugal  governor  acting  upon  (a)  a  blow- 
off  valve  for  putting  the  cylinders  in  communication  with  the  atmosphere,  and 
(6)  two  valves,  between  this  last-named  valve  and  the  cylinders,  that  prevented 
compressed  air  from  passing  into  the  cylinders  at  the  highest  position  of  the 
governor,  free  communication  between  them  being  permitted  in  all  its  other 
positions.  The  excess  of  motive  power  over  the  resistance  was  3,037,929  foot- 
pounds (420,000  kilogrammetres)  which  left  a  margin  of  1,573  pounds 
(715  kilogrammes)  for  the  passive  resistance  at  the  rim  of  the  brake- 
pxiUey;  but  careful  experiments  showed  that  such  resistance  did  not  oxceed 
705  pounds  (320  kilogrammes),  so  that  it  became  necessary  to  add  an 
hydraulic  regulator. 

In  the  modified  plant,  the  motive  energy  was  greatly  increased  by  not 
lifting  the  empty  tubs,  and  the  following  was  to  be  the  normal  duty: — Start 
from  the  surface  with  4  full  tubs,  take  in  2  tubs  at  the  intermediate  landing, 
and  again  2  more  at  the  bottom  landing.  Two  cylinders,  30  inches  (75 
centimetres)  in  diameter,  were  added;  and,  for  preventing  slip  of  the  rope,  a 
turn  was  taken  round  each  pulley.  A  second  hydraulic  regulator  was  added, 
so  that  4  full  tubs  could  be  lowered  in  the  event  of  a  break-down  of  the  air- 
compressor.  With  the  new  arr^  gement,  2  or  3  full  tubs  can  be  lowered  as 
may  be  required,  without  intermission  in  the  production  of  compressed  air: 
but  when  4  full  tubs  are  lowered  the  motive  effort  is  4"976  tons,  which  becomes 
reduced  to  3-715  tons  on  arrival  at  the  intermediate  landing,  1-615  tons  on 
leaving  it,  and  1-324  tons  on  arrival  at  the  bottom-landing. 
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With  3  full  tubs,  the  volume  of  air  compressed  to  79  pounds  per  square 
inch  (5'5  kilogrammes  per  square  centimetre)  was  250  cubic  feet  (7-1  cubic 
metres),  corresponding  to  an  air-volume  of  1,377  cubic  feet  (39  cubic  metres) 
at  atmospheric  pressure ;  and  the  power  indicated  in  the  tliree  cylinders  was 
7,692,256  foot-pounds  (1,063,474  kilogrammetres).  With  4  full  tubs,  the 
power  indicated  in  the  four  cylinders  is  12,157,414  foot-pounds  (1,680,794  kilo- 
grammetres) and  the  volume  of  compressed  air  was  396  cubic  feet  (11'2 
■cubic  metres).  When  600  full  tubs  are  lowered  daily,  the  150  lifts  compress 
59,331  cubic  feet  (1,680  cubic  metres)  of  air  to  the  above-named  pressure,  the 
distance  between  the  surface  and  the  intermediate  landing  only  being  taken 
into  consideration ;  and  for  effecting  this  work  by  steam  a  100  horsejjower- 
^ngine  working  10  hours  a  day  would  be  required.  J.  W.  P 


FAILURE   OF  A   MUESELER  SAFETY-LAMP. 

Note  ^ur  wie  Lampe  2Iuesehr   ayant  produit   une   Flamhie   de   Grisou.      By  G. 

Chesneau.     Annales  des  Mines,  1900,  series  9,  vol.  xvii.,  pages  309-314,  n-ifh 

1  iUiistration  in.  the  text. 
A  slight  explosion  of  fire-damp  having  been  caused  in  a  fiery  coal-seam 
by  a  Mueseler  lamp,  the  lamp  was  submitted  to  the  Fire-damp  Commission 
for  investigation.  It  was  an  ordinary  Mueseler,  of  the  regulation 
•dimensions,  fitted  with  a  Catrice  relighter  and  a  Catrice  hydraulic  lock.  In 
order  that  the  recess  in  the  bottom-ring  of  the  lamp-frame  for  receiving  the 
bolt  of  the  lock  should  coincide  exactly  with  this  bolt,  a  stop-block  was  fixed 
to  the  bottom-ring,  which  came  in  contact  with  a  projection  soldered  to  the 
oil-vessel.  To  ensure  sufficient  pressure  between  the  top  of  the  glass-cylinder 
and  the  horizontal  gauze-diaphragm,  in  spite  of  the  stoppage  to  the  screwing- 
on  of  the  oil-vessel,  the  upper  ring  of  the  lamp-frame  fitting  above  the  glass- 
cylinder  was  provided  with  two  bolts  pressed  down  by  springs  against  the 
collar  of  the  gauze,  so  as  to  press  it  against  the  top  of  the  glass-cylinder. 
The  failure  of  the  lamp  was  due  to  the  insufficient  pressure  exerted  by  these 
springs.  The  horizontal  gauze  was  bound  with  an  iron-ring  and  this  had 
become  contorted,  so  that  on  one  side  there  was  an  open  space  of  0078  inch 
between  the  top  of  the  glass-cylinder  and  the  gauze,  notwithstanding  the 
pressure  of  the  spring-bolts.  A  further  defect  was  due  to  the  screw  of  the 
relighting  apparatus,  which,  when  in  certain  positions,  pi-evented  the  glass- 
cylinder  from  fitting  accurately.  The  occurrence  shows  the  danger  of  locks 
with  stop-blocks,  and  the  use  of  springs,  which  may  become  ineffectual  through 
unperceived  weakening.  The  locking-stop  should  be  replaced  by  a  method 
allowing  the  oil-reservoir  to  be  screwed  so  as  to  press  the  glass-cylinder  firmly 
against  the  gauzes :  this  can  be  done  by  forming  a  rack  round  the  under 
side  of  the  bottom-ring  of  the  lamp-frame.  When  the  horizontal  gaiizes  of 
Mueseler  lamps  are  furnished  with  collars,  these  should  not  be  rigid,  but 
yield  easily  to  a  slight  pressure.  W.  N.  A. 


EXPERIMENTAL  STATION  FOR  TESTING  SAFETY-LAMPS  AT  THE 
UNION  EXPERIMENTAL  DRIFT,  BISMARCK,  Wn-:STPHALIA. 

Die  Vermichsstafion  fur  Sicherheitslampen  auf  der  berggewerkscha/tlichen  Versuchs- 

strecke  hei   Bismarck  i.    W.      By  Bergassessob   Fahndrich.      Glilckanf, 

1900,  vol.  xxxvi.,  pages  445-449,  with  2  plates. 

The  building  used  for  lamp-testing,  16-4  feet  (5  metres)  distant  from  the 

observation-station  of  the  experimental  gallery,  has  a  total  length  of  312  feet 

VOL.  XLIX.— 1S90.1900.  i 
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(95  metres)  and  a  breadth  of  15"4  feet  (4-7  metres),  divided  into  three  rooms. 
The  Krst  of  tliese  serves  for  experiments  and  for  an  office;  the  second  contains 
an  apparatus  for  gas-analysis  and  a  dark  room  for  photometric  measurements; 
whilst  the  third  room  forms  a  store-house  for  safety-lamps,  wire-gauzes,  etc. 
The  pit-gas  used  in  these  experiments  comes  from  the  dammed-off  workings 
of  a  seam  of  bituminous  coal  in  the  Consolidation  colliery.  The  goaf  behind 
the  dams  is  filled  with  pit-gas,  which  has  a  pressure  of  1"38  inches  (35  milli- 
metres) of  water.  A  pipe,  1'69  inches  (43  millimetres)  in  diameter,  leads  the 
gas  from  the  shaft  to  the  surface  and  the  experimental  drift.  A  small  steam- 
jet,  in  the  pipe,  is  used  to  increase  the  velocity  of  the  current  of  gas,  as 
required.  The  gas  mixed  with  steam  is  brought  into  two  chambers,  in  which 
the  steam  is  condensed,  while  the  gas  passes,  cool  and  free  from  vapour,  into 
a  gasometer  of  2,825  cubic  feet  (80  cubic  metres)  capacity.  The  bell  of  the 
gasometer  is  so  loaded  that  it  keeps  the  gas  imder  a  pressure  of  5'91  inches 
(150  millimetres)  of  water;  it  takes  from  8  to  10  hours  to  fill  it  complerely. 
The  pit-gas  contains  from  40  to  55  per  cent,  of  methane,  and  from  5  to  7  per 
cent,  of  carbon  dioxide.  A  portion  of  the  latter  is  removed  by  passing  the  gas 
through  a  rectangular  cast-iron  box  of  about  70  cubic  feet  (2  cubic  metres) 
capacity  in  which  three  horizontal  wooden  trays  are  placed  and  upon  which 
quicklime  in  fragments  about  the  size  of  a  niit,  is  spread  out.  In  this  puri- 
fying box,  the  gas  is  freed  from  about  3  per  cent,  of  carbon  dioxide,  so  that 
gaseous  mixtures,  containing  even  large  percentages  of  pit-gas,  never  con- 
tain more  than  1  per  cent,  of  carbon  dioxide.  Experiments  have  shown  that 
this  proportion  has  no  perceptible  effect  upon  the  inflammability  of  the  gases 
or  upon  the  appearances  presented  by  the  flames  of  the  lamps. 

The  apparatus  for  testing  lamps,  known  as  a  Schondorff  experimental 
chamber,  consists  of  a  pipe  14-7  feet  (4'5  metres)  long,  of  rectangular  section, 
10-24  inches  (26  centimetres)  high,  and  4'72  inches  (12  centimetres)  broad. 
It  is  made  of  sheet-iron  strengthened  with  angle-iron.  The  gaseous  mixture 
inside  the  chamber  is  put  into  motion  by  means  of  a  Korting  injector,  worked 
with  a  pressure  of  5  atmospheres  of  steam,  which,  with  a  depression  of  39'37 
inches  (1,000  millimetres)  of  water,  can  exhaust  1,066  cubic  feet  (30  cubic 
metres)  of  rarified  air,  equal  to  953  cubic  feet  (27  cubic  metres)  of  air  at 
ordinary  atmospheric  pressure.  The  exhausting  action  of  this  injector  pro- 
duces a  partial  vacuum  in  the  chamber,  and  the  inflammability  of  the  gaseous 
mixture  and  the  mechanical  effect  of  explosions  is  decidedly  decreased.  A 
forcing  fan  would  therefore  give  results  more  closely  comparable  with  those 
obtained  in  the  pit,  but  there  were  technical  difficulties  in  the  way  of  its 
application. 

Branch  pipes,  entering  the  middle  of  the  chamber,  enable  the  direction 
of  the  gaseous  currents  to  be  changed,  so  as  to  direct  them  vertically  upward, 
or  downward  as  required,  against  the  safety-lamps.  In  the  front  of  the 
chamber  are  4  openings,  which  can  be  closed  by  means  of  doors,  through 
which  the  lamps  to  be  tested  can  be  inserted  in  the  chamber.  In  each  of 
these  doors  two  glass  plates  are  fixed,  so  that  it  is  j^ossible  without  danger 
to  examine  the  behaviour  of  the  safety-lamps  that  arc  placed  within  the 
chamber.  In  the  upper  part  of  the  chamber,  there  are  4  safety-valves,  can- 
sisting  of  hinged  iron-plates  made  gas-tight  by  means  of  indiarubber-joints. 
A  tube  is  inserted  in  the  floor,  one  end  of  which  reaches  to  the  centre  of  the 
chamber,  so  that  samples  of  gas  can  be  taken,  and  which,  when  not  in  use, 
is  closed  by  an  indiarubber-plug.  At  the  further  end  is  a  mixing-chamber, 
into  which  pit-gas  and  atmospheric  air  can  be  admitted.  The  pit-gas  is 
brought  into  this  chamber  through  24  copper-tubes,  063  inches  (16  milli- 
metres) in   diameter.        In    each    of   these   tubes   are    12   holes,    0'12   inch   (3 
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millimetres)  in  diameter.  The  pit-gas  is  forced  through  these  tubes,  and 
passes  through  the  holes  in  thin  streams  into  the  air  that  surrounds  the 
pipes.  In  order  to  cause  the  air  and  gas  to  mix  as  completely  as  possible, 
there  are  2  rows  of  diaphragms  built  into  the  box,  through  which  the  gaseous 
current  twists  backward  and  forward;  and  the  eddies  formed  in  this  way- 
produce  a  perfectly  uniform  gaseous  mixture. 

The  measurements  are  made  by  determining  the  difference  of  pressvire  and 
the  velocity  of  flow  of  the  gases  when  they  are  forced  through  an  aperture 
in  a  thin  diaphragm.  Two  water-gauges  are  employed  for  determining  this 
difference  of  pressure.  These  are  so  constructed  that  the  height  of  the  water- 
column  can  be  read  off  to  0-04  inch  (1  millimetre)  and  estimated  to  0004  inch 
(Q-l  millimetre).  By  determining  the  percentage  of  methane  in  the  pit-gas, 
it  is  possible  to  calculate  the  methane-contents  of  a  gaseous  current  moving 
through  the  diaphragm  at  a  definite  velocity  at  definite  differences  of  pressure. 
These  calculations  have  been  made  for  mixtures  containing  from  1  to  13  per 
cent,  of  methane  and  moving  with  velocities  of  3  to  40  feet  (1  to  12  metres), 
and  have  been  tabulated  in  16  tables,  corresponding  to  methane-contents  of 
between  40  and  55  per  cent,  in  the  original  gas.  H.L. 


THE  SACCAEDO  SYSTEM  OF  VENTILATING  RAILWAY- 
TUNNELS. 
La  Ventilation.  f/e.<  Tunnels  et  It  Synteme  Saccardo.  By  L.  Champy.  Annales  de 
MinM,  1900,  svrie.s-  9,  vol.  xrii.,  pages  167-215,  unlh  1  platen. 
The  Saccardo  system  has,  during  the  last  few  years,  been  applied  with  much 
success  to  the  ventilation  of  railway-tunnels.  The  principle  is  that  of  a 
large  fan  communicating  with  the  tunnel  by  an  air-passage,  and  the  air  thus- 
forced  in  under  pressure  is  so  arranged  that  it  carries  with  it  a  large  volume 
of  the  surrounding  fresh  air.  The  idea  of  making  the  air  from  a  fan  serve 
as  an  air-injector,  and  thereby  induce  a  secondary  current  of  air  at  a  lower 
speed  and  pressure,  is  not  new,  but  it  was  first  successfully  applied  by  Mr. 
Saccardo  to  the  Pracchia  tunnel  in  the  Apennines,  on  the  line  from  Bologne 
to  Pistoie,  in  Italy.  The  tunnel  is  about  8,940  feet  long,  and  has  a  gradient 
of  1  in  40.  It  contains  a  single  line,  and  the  perimeter  is  about  61  feet.  It  is  in 
the  centre  of  a  mountainous  district,  near  the  summit  of  a  ridge  where  the 
high  wind  often  checks  the  natural  current  of  air  into  the  tunnel.  The  heavy 
trains  burn  much  coal,  as  the  Pracchia  tunnel  is  at  the  top  of  a  steep  slope  of 
nearly  8  miles,  with  many  smaller  tunnels,  and  48  trains  pass  through  it  daily. 
Thus  the  working  conditions  are  the  worst  possible  for  securing  proper 
ventilation,  and  until  the  Saccardo  system  was  introduced,  accidents  from  the 
bad  air  were  frequent.  On  a  train  conveying  the  Empress  of  Austria,  soiue 
years  ago,  the  driver  and  stoker  were  both  asphyxiated  before  the  end  of  the 
tunnel  was  reached. 

The  Saccardo  apparatus  has  been  placed  at  the  higher  end,  and  a  current 
of  air  is  blown  down-hill,  and  directed  against  the  ascending  trains.  The 
system  consists  of  an  annular  chamber  all  round  the  perii^hery  of  the  tunnel, 
connected  to  the  air-pipe  of  a  fan  placed  outside  at  some  distance,  in  the  open 
air.  The  chamber  is  prolonged  on  its  inner  side  by  a  large  air-way  projecting 
into  the  tunnel,  and  directing  the  air-discharge  from  the  fan  into  it.  The  air, 
thus  forced  in,  carries  along  with  it  another  current  at  lower  pressure.  The 
fan  is  of  the  Ser  type,  16  feet  in  diameter. 

The  current  of  air  in  the  Saccardo  system  being  produced  by  an  air-injector, 
a  certain  relation  exists  between  the  pressure  of  this  air,  the  angle  and  speed 
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oi  the  air-jet.  and  the  speed  of  the  current  thus  obtiiined.  The  powers  re- 
quired to  produce  currents  of  air  having  speeds  of  6^,  13,  19^,  and  26  feet  per 
second  in  the  tunnel,  with  pressures  at  the  fan  of  about  030  inch,  1  inch, 
2"5  inches,  and  44  inches  of  water,  were  4,  37,  124,  and  300  horsepower 
respectively — vdthout  natural  ventilating-currents.  Experiments  were  also 
made  with  an  induced  draught,  having  a  speed  of  6 J  feet  per  second.  The 
Ser  fan  iised  at  Pracchia  was  driven  at  a  speed  of  80  revolutions  per  minute, 
by  a  locomotive  engine  yielding  320  horsepower. 

The  chief  cause  of  bad  and  vitiated  air  in  tunnels  is  the  combustion  of 
coal  for  locomotives,  a  process  which  withdraws  the  oxygen,  produces  --arbon 
monoxide,  carbon  dioxide,  sulphurous  acid,  hydrocarbons,  etc.,  and  raises 
the  temperature.  Interesting  details  are  given  of  the  extent  to  which  air 
may  be  vitiated  by  an  Tindue  preponderance  of  any  of  these  gases,  and  yet 
be  fit  for  respiration.  It  was  found  that  air  containing  as  much  as  4  per  cent, 
of  carbon  dioxide,  and  2  per  cent,  of  carbon  monoxide  could  be  breathed 
without  complaints  from  the  stoker  or  driver,  but  3  per  cent,  was  considered 
the  maximum  limit  permissible  in  ordinary  cases.  Table  I.  shows  the  per- 
missible vitiation  of  air  for  breathing. 

Table  I. 

Condition  of  Air  as  regards  Respiration. 
Noxious  Gases.  Good.  Medium.  Dangerous. 

Carbon  dioxide,  per  cent. 

Carbon  monoxide,  per  cent.    .. 

Totals,  per  cent. 

The  temperature  in  the  Pracchia  tunnel  was  reduced  by  artificial  ventilation 
to  from  12°  to  6°  Cent,  below  that  without  ventilation,  and  the  humidity 
of  the  air  was  considerably  diminished.  All  the  above  causes  act 
simultaneously  in  a  tunnel  to  vitiate  the  air,  but  the  experiments  showed  that 
there  was  no  difficulty  in  this  respect  with  an  ordinary  train,  so  soon  as  the 
air  injected  by  the  fan  succeeded  in  annulling  the  current  of  air  caused  by 
the  train.  The  theoretical  consumption  of  coal  (free  from  ash)  was  0"032 
pound  per  foot  for  the  front  engine,  and  0'029  pound  per  foot  for  the 
rear  engine,  for  a  train  having  two  locomotives. 

In  1899,  the  Saccardo  system  was  ajDplied  at  Gceschenen  to  the  St.  Gothard 
tunnel.  Here  the  problem  was  to  drive  out  the  prodvtcts  of  combustion,  which 
collect  in  different  parts  of  the  tunnel.  A  speed  of  in  to  12  feet  of  air  per 
second  in  the  tunnel  was  taken  as  the  maximum.  The  length  of  the  St. 
Gothard  tunnel  is  49,146  feet,  and  its  mean  diameter  22'3  square  feet. 
The  arrangement  is  on  a  larger  scale  than  at  Pracchia,  and  for  the  air-chamber 
the  whole  periphery  of  the  tunnel,  even  between  the  rails  is  tised.  There  are 
two  fans,  each  supplying  air  through  a  separate  pipe  to  a  special  air-chamber. 
With  the  present  traffic  of  62  trains  per  24  hours,  artificial  ventilation  at  the 
speed  of  5  feet  of  air  per  second  would  allow  a  dangerous  accumulation  of 
noxious  gases  at  certain  places.  If  the  speed  of  the  air-current  be  doubled 
the  air  in  the  tunnel  is  66  per  cent,  better.  Artificial  ventilation  would, 
therefore,  appear  to  be  always  necessary,  even  if  the  speed  of  the  natural  air- 
current  is  6  feet  per  second,  and  750  horsepower  is  required  to  produce 
sufficient  ventilation  to  relieve  the  congestion  of  air  in  the  tunnel.  The 
fans  at  St.  Gothard  are  worked  by  a  turbine  from  the  Reuss  river.  Electric 
locomotives  may  be  ultimately  employed. 

The  Saccardo  system  obviates  the  necessity  of  the  costly  and  sometimes 
impossible  method  of  ventilating  tunnels  by  means  of  doors  and  galleries. 
It  is  not  very  expensive,  the  St.  Gothard  application  having  cost  about  =£7,500. 

B.D. 
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FIRE-DAMP  EXPLOSIONS  AXD  THE  BAROMETER  IN   DORTMUND. 

Die  Schlag  wttttrexplosiontn  ivi  Oltrhtrgamt.shtzirk  Dortmund  nat  Beziehiniy  auf  deti 
Barometerstand  im  Jahre  1899.  By  V.  L.  Gluchauf,  1900,  vol.  xxxvi., 
pages  750-753,  with  1  pfate. 

The  results  of  experience  and  research  np  to  the  present  time  may  be 
embodied  in  the  following  rules: — (1)  The  quantity  of  fire-damp  found  in  a 
mine  diminishes  with  a  rise  in  the  barometer;  (2)  the  quantity  of  fire-damp 
in.  a  mine  increases  with  a  fall  in  the  barometer;  and  (3)  this  decrease  or 
increase  is  quick  or  slow,  according  as  the  change  in  the  barometer  is  sudden 
or  gradual. 

The  author  closely  investigates  the  causes,  etc.,  of  the  explosions  for  the 
year  1899  and  finally  not€s  that  of  the  35  explosions  32  were  fire-damp  ex- 
plosions and  3  fire-damp  and  coal-dust  combined;  moreover,  only  26  per  cent. 
of  these  35  explosions  occurred  when  the  barometer  had  a  tendency  to  fall 
or  was  already  low,  that  is  to  say  74  per  cent,  of  the  explosions  occurred  when. 
from  the  above  rules  the  presence  of  fire-damp  was  not  to  be  expected. 

Table  I.  shows  the  relations  of  the  explosions  which  have  occurred  since 
1891. 


Table  I. — Explosion 

5   AND   THE   BAROMETER. 

Year. 

Number 
of  Ex- 
plosions 

Low. 

High. 

Rising. 

Falling. 

1891 

86 

No. 
46 

Per  cent. 
53 

No. 
40 

Per  cent. 
46 

No. 
54 

Per  cent. 

62 

No. 
32 

Per  cent. 
37 

1892 

75 

22 

30 

53 

TO           45 

60 

30 

40 

1893 

70 

28 

40 

42 

60           37 

51 

33 

49 

1894 

60 

18 

30 

42 

70           .32 

53 

28 

46 

1895 

48 

23 

48 

25 

52           28 

58 

20 

41 

18911 

42 

18 

43 

24 

57   •        27 

64 

15 

35 

1897 

61 

27 

44 

34 

56           30 

50 

31 

50 

1898 

42 

17 

40 

25 

59           21 

50 

21 

50 

1899 

Totals    1 
and       > 

35 

20           57 

15 

43           16 

45 

19 

55 

519 

219           42 

300           58         290           56 

229 

44 

Averages  ) 

1 

The  rapid  diminution  in  the  numbers  of  the  explosions  is  noteworthy. 
The  chronicling  of  the  direct  causes  of  each  explosion  enables  the  aiithor  to 
say  that  54  per  cent,  of  the  explosions  were  due  to  gross  carelessness  or 
disobedience  to  well-known  mining  regulations. 

Finally,  there  is  very  little  statistical  proof  or  confirmation  of  the  rules 
respecting  the  connection  between  barometrical  variation  and  explosions, 
and  consequently  explosions  cannot  even  in  a  single  case  be  foretold  either 
by  the  behaviour  of  the  barometer  or  by  any  other  method.  C.  H.  M. 


TWO  NOTEWORTHY  EXPLOSIONS  IN  PRUSSIAN  COLLIERIES 

IN  1899. 

Mittheiliingin  i'lher  einige  der   hemerken^werthesten   Explosionen   heim  Preussischen 

Steinkohlenherghau    im   Jahre    1899.      Anox.      ZeitHchrift  fiir    das    Btrg- 

Hiitten- und  Salinen-Wesen  im  Preimsvichen  Striate,   1900,   vol.  xlviii.,  pages 

504-507,  with  plans  in  the  text. 

1. — The  fire-damp  explosion  which  took  place  at  the  Preussen  colliery.  East 

Dortmund  district,  on  the  afternoon  of  July  1st,  1899,  resulted  in  personal 
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injury  to  2  ininers.  one  of  whom  afterwards  died  from  the  effect  of  the 
serious  burns  which  he  had  sustained. 

The  scene  of  the  disaster  was  the  No.  2  level  (1,785  feet  belowground) 
where  No.  20  seam,  44  inches  thick,  of  the  Esskohlengruppe  has  been  worked 
for  a  few  years.  The  seam  dips  50  to  55  degrees,  is  not  especially  fiery  or 
dusty,  and  the  normal  humidity  of  the  workings  is  usually  sufficient  to  lay 
such  dust  as  does  arise.  In  the  main  crosscut,  a  blowing  ventilator,  driven 
by  compressed  air,  had  hitherto  proved  amply  capable  of  keeping  the  atmos- 
phere clear  of  accumulations  of  fire-damp.  Apparently  the  2  victims  were 
engaged  in  extending  the  ventilating-pipes  into  a  newly  opened  drift.  One 
of  the  men  had  extinguished  his  safety-lamp,  while  the  other  had  slung  up 
Ms,  still  alight,  in  a  place  seemingly  clear  of  gas,  at  about  the  height  where 
the  ventilating-pipe  debouched.  The  pit-gases,  driven  downward  by  the 
outrush  of  air  through  the  pipe,  caught  fire  at  the  safety-lamp  that  was  still 
alight,  and  scorched  severely  the  man  who  stood  below,  while  his  comrade 
who  was  standing  at  a  point  some  10  feet  higher  sustained  only  slight  burns. 

The  character  of  the  coal  in  this  part  of  the  workings  differed  from  the 
normal :  it  was  soft  and  crumbly,  and  exhibited  a  tendency  to  fissure,  the 
split  surfaces  being  covered  with  a  velvety  brown  layer. 

In  the  neighbouring  Gneisenau  colliery,  these  characteristics  invariably 
denote  the  presence  of  accumulations  of  fire-damp,  which  suddenly  burst 
forth  when  the  fissures  are  laid  bare. 

2. — A  more  disastrous  explosion  took  place  at  the  Reden  colliery,  in  the 
Bonn  mining  district,  in  the  forenoon  of  September  16th,  1899,  resulting 
in  the  death  of  9  persons. 

Here  in  the  No.  2  deep  level,  the  Heiligenwald  seam  is  worked :  it  is  regu- 
larly bedded,  dips  14  degrees  northward,  and  consists  of  three  layers  of  coal, 
respectively  39,  31  and  37  inches  thick,  between  which  intervene  two  shaly 
partings,  respectively  13  and  4  inches  thick.  The  coal  is  tough,  and  gives 
rise  to  extremely  little  dust,  what  little  there  is  being  always  laid  by  the 
natural  moisture  of  the  workings.  No  evolution  of  gas  had  been  noticed 
hitherto  when  going  through  the  workings  with  benzine  safety-lamps.  Only 
the  two  lower  seams  of  coal  were  worked,  the  iippermost  or  37  inches  bed, 
having  too  bad  a  roof.  Ample  ventilation,  far  exceeding  the  minimum 
required  by  the  regulations,  was  provided  by  three  ventilators  driven  by 
compressed  air. 

In  the  night  of  September  15th  to  16th,  two  shot-holes  had  been  drilled 
in  the  lowest  seam,  safety  blasting-cartridges  had  been  inserted  in  them, 
and  the  fuse  in  the  lower  hole  was  ignited.  After  the  lower  shot  had  been 
fired,  the  fuse  in  the  upper  hole  was  ignited  about  4  a.m.,  and  as  soon  as  it 
began  to  spark,  a  reddish-white  flame  darted  forth,  and  spread  downvvard. 
As  the  shot  was  momentarily  expected  to  take  effect,  no  immediate  attempt 
to  extinguish  the  flame  could  be  made.  When  the  shot  had  exploded,  the 
flame  seemed  to  vanish  from  the  working-face,  but  reappeared  after  some 
broken-down  coal  had  been  shovelled  away  from  the  latter.  By  dint  of 
heaping  up  coal  on  the  burning  stuff,  the  flame  seemed  to  die  down;  and  the 
shovelled  coal  in  turn  catching  fire  was  extinguished  by  means  of  water 
brought  to  the  spot  in  buckets.  The  conflagration  being  to  all  appearance 
at  an  end,  the  workpeople  were  withdrawn  from  that  particular  place,  and 
the  ventilator  was  driven  at  a  higher  speed,  in  order  to  expel  the  noxious 
gases.  But,  on  returning  ^  hour  later,  the  workpeople  observed  smoke  still 
arising  from  the  shovelled  coal,  so  water  was  once  more  thrown  upon  it  (being 
brought  in  iron  tubs  from  the  bottom  level),  and  the  ventilator  was  again 
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run  at  a  heightened  speed.  Nevertheless,  it  was  found  impossible,  after 
another  ^  hour  interval,  to  work  at  the  face,  as  the  coal  was  burning  so 
strongly.  Orders  were  then  given  to  shut  off  that  portion  of  the  workings 
by  two  masonry  stoppings.  This  operation  was  all  but  completed,  when, 
about  10"30  a.m.,  a  fire-damw  explosion  in  the  walled-off  area  took  place, 
smashing  up  the  masonry  and  the  timber-doors,  and  hurling  huge  masses  of 
them  100  feet  or  so  into  the  haulage-way.  The  3  men  who  were  still  working 
at  the  dam  and  their  overman  and  5  men  (whose  shift  was  completed)  who 
were  sitting  down  near  the  shaft,  waiting  for  the  cage  to  take  them  to  l^auk, 
were  all  killed  by  the  flying  fragments. 

No  coke-crust  nor  coke-beads  were  found  in  the  radius  affected  by  the 
explosion,  and  the  after-damp  only  rose  to  a  height  of  20  inches  or  so,  ^hus 
showing  that  coal-dust  had  no  share  in  the  catastrophe,  and  that  the  amount 
of  fire-damp  involved  cannot  have  been  great.  The  damage  wa,5  considerable, 
because  the  explosion  took  place  in  a  completely  enclosed  area.      L.  L.  B. 


EXPEEIMENTS  WITH  THE  NEUPERT  AND  THE  PNEUMATOPHORE 
RESCUE  APPARATUS. 

Versuche  mit  0.  Nenpert's  Xachfolger  Rettungsapparaf ,  neh.st  einem  i^erghichenden 
Ver-inch  mit  dem  Walcher-Gm-fner'schen  Pneumafophor.  By  Dr.  Richard 
Heller.  Oe-^terreichische  Zeitachrift  fi'ir  Bery-  und  Huttenveseii,  1898,  vol. 
xh-i.,  pages  2Q7 -302. 

These  experiments  were  mainly  directed  to  determine  the  effect  produced 
by  the  apparatus  on  the  respiration  and  arterial  circulation  of  the  wearer, 
and  also  whether  any  pathogenic  symptoms  are  occasioned :  — 

Experiment  1. — Air  from  the  apparatus  analysed  by  the  Orsat  method. 
Duration  of  experiment,  2  hours;  room  temperature,  11°  Cent.;  consumption 
of  oxygen  per  hour,  2,440  cubic  inches  (40  litres);  pulse,  80  to  82  per  minute; 
respirations,  24  per  minute.  Carbon  dioxide  and  oxygen  in  air  drawn  while 
the  wearer  was  breathing,  3'6  per  cent,  and  20'2  to  26*4  per  cent. ;  with 
arrested  breathing,  0-4  to  11  per  cent,  and  14'0  to  27-6  per  cent,  respectively. 
The  wearer  remained  quiet,  doing  no  work.  There  was  no  facial  perspira- 
tion and  no  discomfort. 

Experiment  2. — Here  the  temperature  was  12°  Cent.,  and  the  consumption 
of  oxygen,  175  cubic  inches  (28' 7  litres)  per  hour.  The  wearer  worked 
a  rotary  pump,  but  did  not  persijire  in  the  face.  Pulse,  80,  increasing 
to  90  after  1  minute's  work;  respirations,  22  to  28;  air-content:  carbon 
dioxide,  1  to  3  per  cent.,  average  14  per  cent.;  oxygen,  13  to  27*4  per  cent., 
average,  21  per  cent. 

Experiment  3. — In  this  case,  the  samples  of  air  were  taken  from  the 
mask;  time  2^  hours;  temperature  of  air,  16°  Cent.,  of  mask,  33°  Cent.; 
oxygen  consumed  per  hour  2,440  cubic  inches  (40  litres);  pulse,  80  to  87; 
respirations,  20  to  32;  carbon  dioxide  in  air-bag,  3'2,  rising  to  8'2  per  cent., 
mean,  34  per  cent.;  oxygen,  65  to  46  per  cent.,  mean,  19  per  cent.  The 
supply  of  oxygen  was  varied,  but  the  effect  was  not  so  favourable  as  with  a 
constant  smaller  sxipply.  As  the  percentage  of  carbon  dioxide  decreased 
towards  the  end,  respiration  became  slower.  The  rate  of  increase  when 
the  wearer  began  to  work  was  normal,  as  also  the  pulse. 

Though  the  air-samples  were  taken  at  various  stages  of  respiration  the 
average  composition  fluctuated  not  more  than  0'3  per  cent. ;  the  amount  of 
carbon    dioxide    in    the    expired    air    was    normal    (45    per    cent.)    and    no 
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symptoms  of  carbon-dioxide  poisoning  were  observed.  The  air  tempera- 
ture inside  the  mask  did  not  exceed  the  normal  (36°  Cent.),  and  no  deposit, 
of  moisture  was  formed. 

The  oxygen-consumption  may  vary  within  wide  limits,  7  to  87  per  cent, 
of  the  inspired  air,  the  first-named  being  the  lowest  that  can  be  used  with 
safety.  If  the  oxygen-supply  be  reduced  and  the  carbon  dioxide  allowed 
to  increase,  pathogenic  symptoms  will  arise,  a  contingency  prevented  by 
the  absorption  of  the  latter  gas  in  the  apparatus. 

Under  similar  experimental  conditions,  the  results  obtained  with  the 
pneumatophore  were  somewhat  different,  the  pulse  registering  80  to  100; 
respirations,  20  to  32;  carbon  dioxide  in  air-bag,  3'2,  rising  to  8'2  per  cent., 
and  inducing  increased  pulsation  and  respiration,  thus  indicating  defective 
absorption  bj"  the  caustic  soda  employed.  The  wearer  complained  of 
headache  after  three  hours.  C.  S. 


DEVELOPMENT  AND  EESULTS  OF  RESCUE-WORK  IN  MINES 

Entu-ichlung  mid  Er/oly  des  Rettimgswei^eiis  heim  Bergbaiibetriebe.  Bij  Hugo  Ross 
NER.  OeMerreichische  Zeitschrift  fur  Berg-tmd,  HiUtenwesen,  1899,  voJ.  x/vii., 
pages  519-522  aiid  531-534. 

Constant  practice  in  the  iise  of  rescue-appliances  being  essential  to  success 
in  an  emergency,  the  custom,  at  Karwin,  is  to  drill  10  per  cent,  of  the  working 
staff  (including  a  few  mechanics)  with  the  oxygen-apparatus,  ambulance- 
work,  tearing-up  tram-rails,  taking-down  and  setting-up  air-doors,  etc., 
both  in  the  ordinary  pit-atmosphere  and.  in  irrespirable  gases.  It  is  found 
that  the  men  are  better  able  to  stand  the  fatigue  of  working  with  the 
apparatus  after  a  meal,  and  all  rescue-parties  in  future  will  be  provided 
with  refreshment  before  entering  upon  their  task. 

The  alleged  danger  arising  from  the  expansion  of  the  oxygen  in  the 
oxygen-bottles  of  the  rescue-apparatus,  under  the  influence  of  heat  (as  in 
the  case  of  a  pit-fire),  is  found  to  be  negligible,  since  the  rate  of  expansion  is 
only  about  0-4  per  cent,  per  1°  Cent.,  so  that  even  in  case  of  an  increase  of 
50°  Cent,  in  temperature  the  expansion  of  gas  in  the  bottles  (which  hold. 
3,660  cubic  inches  (60  litres)  of  compressed  oxygen)  is  only  ecjuivalent  lo  671 
cubic  inches  (11  litres),  or  an  increase  in  pressure  from  100  to  118  atmos- 
pheres, whereas  the  bottles  are  tested  up  to  250  atmospheres. 

The  volume  of  air  consumed  at  the  rate  of  20  respirations  per  minute, 
being  equivalent  to  about  18-3  cubic  inches  (0'3  litre)  of  oxygen  when  no 
work  is  being  done,  with  an  additional  0'183  cubic  inch  (0-003  litre)  for 
each  kilogramnietre  of  work  exerted,  it  follows  that  with  medium  work,  the 
oxygen-consumption  is  73-2  cubic  inches  (1-2  litres)  per  minute;  and  the 
oxygen-supply  (3,660  cubic  inches  or  60  litres)  will  last  for  50  minutes  under 
these  circumstances,  or  for  200  minutes  if  the  wearer  be  at  rest.  The  caustic- 
soda  bottle  holds  26  cubic  inches  (0-425  litre)  of  caustic  soda,  sufficient  to 
absorb  2,904  cubic  inches  (47-6  litres)  of  carbon  dioxide,  and  will  therefore 
suffice  for  a  working  period  of  42  minutes,  or  168  minutes  if  no  work  is 
being  done.  During  the  first  ^  hour  the  rate  of  breatliing  is  normal — 8  per 
minute — but  increases  to  9  respirations  after  1  hour,  owing  to  the  slight 
stimulative  effect  of  the  oxygen.  The  pulse  exhibits  a  decrease  from  85 
beats  to  80  after  about  10  minutes,  during  gentle  work. 

Analysis  of  the  gas  in  the  air-bag  after  8  minutes'  use  shows  the  inhaled 
air  to  consist  of :  oxygen,  48*5  per  cent. ;  carbon  dioxide,  4-4  per  cent. ; 
nitrogen,  47*1  per  cent.;    the  oxygen  decreasing  to  44-5   per  cent,   after  53 
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minutes,  and  to  15"8  per  cent,  after  1  hour  46  minutes,  when  the  wearer 
is  at  rest.  When  work  is  being  done,  the  oxygen-content  is  different,  nam-ily, 
25-6  per  cent,  after  the  tirst  14  minutes;  2U1  per  cent,  at  the  end  of  1  hour 
50  minutes;  and  8'8  per  cent,  after  2  hours  6  minutes.  The  large  amount 
of  nitrogen  present  is  introduced  from  the  inflated  lungs  of  the  wearer, 
and  to  a  smaller  extent  (4  to  6  per  cent.)  with  the  oxygen-supply.       C.  S. 


EECHAEGING  APPARATUS  FOR  THE  OXYGEN-BOTTLES  OF 
RESCUE-APPLIANCES. 

Vorrkht inigen  zum  Nachfullen  der  Sauemtoff-Fla-^choi  bei  den  BettungsapparaUn. 

1>!/  JoHAN  Mayer.     Oesterreidiische  Ztitichrift  far  Berg-  loid  Iliittenwe-fen, 

1899,  vol.  xlvii'.,  pages  409-412,  irith  1  phite. 
To  remove  the  difficulty  experienced  in  recharging  oxygen-bottles  that 
have  become  depleted  by  leakage,  etc.  (the  pressure  in  the  storage-cylinders 
being  after  a  time  insufficient  to  fill  the  bottles  at  anything  like  100  pounds), 
Messrs.  O.  Neupert's  Nachfolger  have  brought  out  an  apparatus  for  this 
purpose.  It  consists  of  a  pump,  whereby  water  is  forced  into  the  oxygen 
storage-cylinder,  in  consequence  of  which  the  gas  can  be  compressed  to  any 
desired  extent.  A  pijDe  in  the  stopper  of  the  cylinder  conveys  the  gas  through 
a  purifier  into  the  oxygen-bottle  to  be  filled.  The  whole  apparatus  is 
mounted  on  a  solid  frame,  forming  the  water-tank.  Owing  to  absorption  of 
oxygen  by  the  water,  the  loss  of  gas  is  about  3  per  cent. ;  Init  part  at  least  of 
this  loss  can  be  recovered  by  warming  the  water.  C.  S. 


THE   PNEUMATOPHORE   AND   ITS   LIMITATIONS. 

Die  Benntzung  des  Pnetimatophora  im  ErnMfall.  By  Bebgassessob  Luthgex. 
Gluckmif,  1900,  vol.  xxxvi.,  pages  59.3-.595,  mid  1  plate. 

On  March  11th,  1900,  at  Recklinghausen  colliery,  two  miners,  who  were 
using  the  pneumatophore  in  an  atmosphere  of  inflammable  gases,  met  with 
their  death.  This  occurrence,  coupled  with  certain  other  unfavourable  experi- 
ences in  connection  with  the  pneumatophore  recorded  from  other  localities, 
might  create  prejudice  against  its  further  use ;  but  the  author  points  out 
that  precisely  at  this  Recklinghausen  colliery,  in  the  course  of  the  operations 
necessary  for  extinguishing  the  fire  which  had  broken  out  on  March  10th, 
the  pneumatophore  rendered  very  great  service. 

The  two  men  (brothers)  who  perished  had  been  sent  forward  to  investigate 
the  condition  of  the  atmosphere  near  the  original  seat  of  the  fire  (after 
various  measures  of  ventilation,  etc.,  which  the  author  fully  describes,  had 
been  taken),  but  had  been  forbidden  to  go  on  through  the  smoke.  The 
pneumatoiihores,  however,  had  proved  so  reliable  that  the  two  men  exceeded 
their  orders,  and  went  on  as  far  as  ^  mile  through  the  escaping  gases,  and 
that  with  incompletely-filled  oxygen-holders,  a  fact  of  which  they  were  fully 
aware.  Twice  they  went  this  distance  in  thick  smoke,  and  their  bodies  were 
found  about  100  feet  apart  near  the  ventilating-doors  in  the  Marie  seam : 
had  they  but  got  behind  these,  they  would  have  been  saved.  As  the  tempera- 
ture of  this  portion  of  the  pit  was  at  that  time  about  122°  Fahr.  (or  more) 
it  is  uncertain  whether  the  heat  and  excitement  combined  caused  the  two 
victims  to  faint  away,  and  that  then  the  residual  oxygen  simply  escaped  from 
the  holders,  or  whether  their  death  was  due  to  the  exhaustion  of  the  supply 
of  oxygen  in  the  apj^aratus.     The  latter  alternative  appears  doiibtful  to  the 
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author.  He  remarks  that  it  would  be  strange  if,  in  the  case  of  partly  used 
apparatus,  the  supply  of  oxygen  in  both  holders  should  fail  at  the  same  moment 
precisely ;  and  moreover  one  of  the  brothers  was  known  to  consume  far  less 
oxygen  in  using  the  pnenmatophore  than  the  other. 

He  concludes  that  the  pnenmatophore  is  an  almost  indispensable 
auxiliary  in  certain  clearly  defined,  restricted  cases;  but  that  we  must 
beware  of  exaggerating  its  value.  In  actual  use,  more  oxygen  by  far  is 
consumed  than  in  the  rescue-drill  or  rehearsals,  which  take  place  now  and  then 
in  order  to  accustom  the  pitmen  to  handle  it. 

However  little  the  apparatus  may  have  been  used,  if  it  is  required  in  a 
case  of  serious  necessity,  the  oxygen-holder  must  be  refilled  completely.  Two 
officials  at  least,  who  in  no  case  should  go  down  the  pit,  should  be  entrusted 
with  the  care  and  supervision  of  the  safety-apparatus  and  stores.  A  large 
stock  of  oxygen  should  be  kept,  so  that  the  holders  may  never  be  placed  in 
the  pnenmatophore  with  a  less  quantity  than  5,500  to  6,100  cubic  inches  (95  or 
100  litres)  of  the  gas.  Finally,  the  fatality  thus  described  is  a  stern  warning 
to  miners  of  all  degree  never  to  exceed  the  orders  which  they  receive. 

L.  L.  B. 


SPONTANEOUS  COMBUSTION  OF  COAL-CAEGOES. 

(1)  y^eir  Sonfh    Wales:  Report  of  the  Boyal  Commission  appoint ai  to  inquire  into 
the  Cause  of  the   Dangers   to   ivhich    Fesse^.s  carrying    Coal  are  said   to  be 
peculiarly  liable,  etc.,  1897,  pages  1-5,  1-87  and  1-105,  with  illustrations  in  the 
text  and  1  plate.     [2)  New  South   Wales:    Report  of  the  Royal  Commission 
appointed  to  make  farther  Investigation,  etc.,  1 900,  jpngres  1-28,  xcith  6  diagrams. 
Owing  to  increased  casualties  to  shipping  during  the  southern  summer  of 
1895-1896,  the  first  Commission  was  apj^ointed  in  Jiily,  1896,  by  the  New  h-outh 
Wales  Legislative  Assembly.      The  danger  of  spontaneous  combustion  of  coal- 
cargoes  occupies  a  large  part  of  the  report  which   was  presented  in  May, 
1897.        The    second    Commission    was    appointed    with    instructions    to    inore 
particularly  investigate  the  influence  of  moisture  as  a  factor  of  spontaneous 
combustion,  and  the  result  is  set  forth  in  the  report  presented  in  March,  1000. 
Both  reports  contain  the  record  of  an  independent  inquiry  which  was  com- 
menced at  the  pit,  carried  into  questions  of  transit,  loading,  trimming,  and 
into  the  effect  of  the  sizes  and  arrangement  of  cargoes.     Many  experiments 
were    carried    out,    testimony    was    gathered   in    all    directions,    and    copious 
reference  is  made  to  the  more  important  literature  of  the  subject,  so  that  the 
first   report,   to   some    extent,    is    a   bibliography   with   regard   to    the   spon- 
taneous combustion  of  coal. 

1. — The  theory  of  spontaneoiis  combustion  arrived  at  by  the  first  Com- 
mission is  one  of  the  simpler  forms  of  the  well-known  oxidation  theory.  Coal 
absorbs  the  atmospheric;  oxygen ;  absorption  of  oxygen  by  coal  develops 
heat;  the  developed  heat,  if  confined,  raises  the  temperature,  and  the  rise 
of  temperature  in  turn  facilitates,  and  accelerates  the  rate  of,  the  absorption 
of  oxygen.  The  two  conditions  which  bring  about  spontaneous  combustion, 
therefore,  are  a  sufficient  supply  of  oxygen  and  a  sufficient  confinement  of 
the  heat  thereby  developed.  To  a  large  extent,  the  two  conditions  are  incom- 
patible. The  ratio  of  the  absorption  of  oxygen  depends  on  the  ratio  cf  the 
exposed  surface  to  the  volume  of  coal.  In  a  heap  of  fine  coal-dust,  the  ratio 
of  surface  to  volume  is  very  large;  but  a  heap  of  very  fine  dust  is  almost 
impenetrable  by  the  oxygen.  On  the  other  hand,  if  the  coal  be  in  large 
pieces,  the  air  easily  penetrates  the  interspaces,  but  the  absorbing  surface  is 
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very  small  relatively  to  the  volume  to  be  heated.  The  most  favourable  con- 
ditions for  heating  occur  when  heaps  of  moderately  lumpy  coal  are  mixed 
with  certain  quantities  of  fine  coal-dust.  Such  heaps  are  found  under  the 
hatchways  of  ships  loaded  by  dropping  the  coal  from  hoppers,  spouts,  etc. 
And  the  Commission  state  that  out  of  many  hundred  cases  of  known  spon- 
taneous heating,  there  is  not  one  but  was  found  in  the  sqiiare  of  one  of  the 
main  hatchways.  In  every  case  of  spontaneous  combustion  investigated  by  the 
Commission,  the  mode  of  loading  ensured  a  cone  of  broken  coal  in  the  square 
oP  the  hatchway,  and  they  recommend  "  that  the  cranes  be  altered  so  as 
to  admit  of  the  waggons  being  lowered  down  the  hatchways  with  a  view  to 
minimize  the  breakage  of  coal." 

Spontaneous  combustion  of  coal-cargoes  being  due  to  absorption  of  oxygen 
and  the  consequent  rise  in  temperature,  the  Commission  lay  great  stress  on 
the  suggestion  that  ships  loaded  in  hot  weather  are  more  liable  to  spontaneous 
combustion  than  those  loaded  in  cold  weather.  The  rise  of  temperatiire  due 
to  absorption  of  oxygen  usually  proceeds  very  slowly,  and  the  voyage  may  be 
made  and  the  cargo  discharged  before  the  critical  point  of  temperature  is 
reached.  But  a  ship  loaded  in  hot  weather,  directly  under  the  solar  rays, 
receives  a  cargo  having  a  high  initial  temi^erature,  and  the  critical  point 
will  be  much  sooner  attained.  With  regard  to  the  increased  casualties  by 
spontaneous  combustion  during  the  summer  of  1895-1896,  the  statistics  show 
that  every  one  of  the  ships  so  suffering  was  loaded  in  exceptionally  hot 
weather,  the  end  of  1895  and  the  beginning  of  1896  being  one  of  the  Hottest 
periods  ever  known  in  the  colony.  The  Commission  also  draw  attention  to  the 
fact  that  no  ship  loaded  with  Newcastle  (N.S.W.)  coal  in  June  or  July  (the 
Antipodean  winter)  has  ever  found  its  cargo  heating.  The  same  facts  point 
to  the  inference  that  the  liability  of  a  coal-cargo  to  spontaneous  combustion 
increases  with  the  length  of  the  voyage,  the  average  temperature  of  the 
voyage,  and  the  temperature  (artificial  or  otherwise)  of  the  enclosure  con- 
taining the  coal.  The  Commission  recommend  "  that  very  large  ships  should 
not  be  loaded  with  the  existing  appliances  on  days  when  the  maximum 
shade-temperature  rises  above  80°  Fahr.,  or  the  maximum  sun-temjoerature 
above  110°  Fahr." 

The  reference  to  very  large  ships  in  this  last  recommendation  is  due  to 
the  fact  that  the  liability  of  a  coal-cargo  to  spontaneous  combustion  increases 
very  rapidly  with  the  depth  of  the  ship.  The  British  Commission  of  1876 
suggested  this  condition,  but  the  labours  of  the  New  South  Wales  Com- 
mission resulted  in  placing  the  axiom  beyond  all  possibility  of  doubt. 
Taking  the  sailing  shipments  to  America  from  1888  to  1896,  there  were  152 
cargoes  under  1,000  tons  each,  and  not  one  of  these  fired  or  heated;  of  1,454 
cargoes  ranging  from  1,000  to  2,500  tons,  3  either  fired  or  heated;  of  276 
cargoes  above  3,000  tons,  10  heated,  or  nearly  4  per  cent. ;  whilst  of  22  cargoes 
above  4,000  tons,  4  either  fired  or  heated,  being  a  proportion  of  18  per  cent. 
That  this  variation  of  the  liability  is  due  to  depth  alone  appears  clear  from 
the  following  evidence  from  another  source :  The  Australian  Gas  Company  has 
two  coal-stores :  at  both,  the  circumstances,  with  one  exception,  are  exactly  the 
same.  The  exception  is  that  one  is  kept  filled  with  coal  to  a  depth  of  14 
feet  only,  while  the  other  is  kept  filled  to  a  depth  of  20  feet.  The  shallower 
store  requires  no  attention,  no  spontaneous  heating  having  ever  appeared 
therein,  while  the  deeper  store  requires  constant  watching  to  prevent  the  coal 
from  firing. 

The  Commission  make  no  independent  or  precise  pronouncement  as  to 
the  class  of  coal  most  liable  to  spontaneous  heating,  neither  do  they  attach 


114  NOTES   OF   PAPERS   IN    COLONIAL   AND   FOREIGN 

importance  to  the  presence  of  iron-pyrites.  With  respect  to  the  ventilation 
of  coal-cargoes,  they  recommend  that  surface-ventilation  only  should  be 
employed. 

2. — The  second  report  deals  more  particularly  with  the  influence  of 
moisture  on  the  liability  to  spontaneous  combustion.  To  test  the  matter, 
the  Commission  erected  two  large  bins,  each  designed  to  contain  a  cubical 
mass  of  coal,  21  feet  in  the  side.  Every  care  was  taken  to  make  the  conditions 
in  and  about  each  bin  the  same  as  those  obtaining  in  and  about  a  vessel 
carrying  coal.  The  two  bins  were  loaded  as  nearly  as  possible  simultaneously, 
in  order  to  equalize  all  conditions.  The  distance  through  which  the  coal 
fell  was  at  first  17  feet,  gradually  lessening  as  the  bins  became  full.  The 
same  class  of  coal  was  used  in  each  bin.  One  bin  was  loaded  dry,  and  the 
other  was  loaded  wet.  When  loading  the  coal  into  the  wet  bin,  a  stream  of 
fresh  water  from  a  hose  was  continuously  played  over  it  in  such  a  way  as  to 
thoroughly  saturate  it.  The  quantity  of  water  used  was  sufficient  to  cause 
a  small  stream  to  flow  from  the  bottom  of  the  bin,  but  not  sufficient  to  wash 
out  any  considerable  quantity  of  fine  dust.  For  the  purpose  of  taking 
temperatures,  thirteen  thin  galvanized-iron  pipes  about  2  inches  in  diameter 
and  0018  inch  wall-thickness  were  placed  vertically  in  each  bin  prior  to 
loading. 

The  bins  being  full  on  December  2nd,  1898,  temperature-readings  were  taken 
at  intervals.  The  temperatures  in  the  dry  bin  rose  very  rapidly  until 
February  13th,  1899,  when  at  8  feet  from  the  surface  in  the  centre  tube,  the 
temperature  was  so  high  that  the  solder-connections  of  the  thermometer  were 
melted  and  the  instrument  lost.  At  4  feet  below  the  surface  in  this  central 
tube,  the  temperature  was  1.35°  Cent.,  but  other  experiments  indicated  that 
the  maximum  temperature  was  8  feet  from  the  surface.  In  all  the  other 
tubes  the  temperature  was  much  lower,  the  highest  being  87-7°  Cent.  It 
was  decided  not  to  risk  a  fire  by  prolonging  the  experiment  with  the  dry 
bin,  and  on  this  date  the  bin  was  flooded  and  all  the  hot  coal  removed.  On 
digging  down,  the  heat  seemed  to  be  confined  to  a  spot  immediately  in  the 
vicinity  of  the  central  pipe.  So  far  as  the  wet  bin  was  concerned,  the  experi- 
ment was  continued,  and  the  temperatures  taken  until  April  30th,  1899,  but 
this  bin  gave  absolutely  no  signs  of  heating,  and  from  January  27th  onward 
there  was  a  steady  decline  in  the  mean  temperature.  To  the  question  the 
Commission  set  out  to  solve,  therefore,  they  return  "  a  direct  and  unconditional 
answer.  Coal  is  less  Liable  to  spontaneous  combustion  when  it  is  loaded  wet 
than  when  it  is  loaded  dry." 

The  Commission  dispose  of  the  findings  of  the  British  Commission  of  1876- 
as  follows: — "The  British  Commission  received  26  answers  to  the  effect  that 
wet  coal  was  the  more  dangerous.  But  an  analysis  of  the  evidence  discloses- 
that  25  of  these  answers  were  based  on  '  general  impression '  or  hearsay 
evidence  only,  while  the  26th  was  not  tested  by  cross-examination.  The 
opinions  referred  to  were  held,  not  by  scientific  men,  but  by  those  engaged 

in  the  coal-trade All  such  views,  it  seems  to   us,   must  now  be 

definitely  abandoned." 

The  report  concludes  with  the  following  recommendation: — -"Having  in 
view  the  fact  tliat  cases  of  spontaneous  healing  invariably  occur  in  the  heap 
of  small  coal  under  the  hatchways,  and  in  the  light  of  the  foregoing  con- 
clusive result,  we  recommend  that  when  large  ships  are  being  loaded  during 
warm  weather  (say,  when  the  air-temperature  is  90°  Fahr.  or  over)  a  hose' 
should  be  played  down  the  hatchways  so  as  to  wet,  at  all  events,  the  coal 
which  collects  at  that  spot."  X.  Y.  Z. 
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UNDEEGEOUND   PUMPING-ENGINE   AT   THE   ETTES 
SHAFT,  NOETHEEN  HUNGAEY. 

Unterirditche  Conipoun  (-Was'^ei'haUaiigsmaichine  am  EUeser  Schachte  der  Nord- 
uugarischen  Vereiniglen  Kohlenherghaii-  und  Indintrit-Actien-GtseHschaft. 
By  Stefax  Steuer.  Oe-sterreichische  Zeitschrift  filr  Berg-  und  HiUttn- 
icesen,  1899,  i-ol.  xlvii.,  page.-i  341-344,  idth,  1  plate. 

The  pumping-engine,  which  is  set  up  about  7'4  feet  (225  metres)  above 
the  loading-place,  and  is  designed  to  lift  an  average  volume  of  330  gallons 
(1,500  litres)  of  water  per  minute  against  a  head  of  722  feet  (220  metres),  is  of 
the  tandem  type  and  works  at  a  boiler-pressure  of  6J  to  7  atmospheres.  The 
differential-plunger  force-pump,  fitted  with  Eiedler  valves,  draws  water  from 
a  reservoir  in  front  of  the  engine,  the  supply  being  maintained  at  a  constant 
level  by  an  accessory  pump  which  lifts  from  the  sump  13  feet  (4  metres) 
below  the  loading-place. 

The  dimensions  are  as  follow: — Diameter  of  high-pressure  cylinder,  1968 
inches  (500  millimetres);  low-pressure  cylinder,  3149  inches  (800  millimetres); 
ram-pump  plunger,  10"23  to  7"22  inches  (260  to  184  millimetres);  common 
stroke,  23"62  inches  (600  millimetres);  diameter  of  pistons  of  air  and  accessory 
pumps,  21-65  inches  (550  millimetres);  stroke,  11-81  inches  (300  millimetres); 
speed  50  to  67  revolutions  per  minute. 

A  special  valve  is  fitted  in  the  rising-main  pipe  to  prevent  a  return-flow 
of  water  to  the  ram-pump,  and  opens  automatically  when  the  pump  is  started. 
The  air-pump  for  charging  the  air-vessel  of  the  pump  is  driven  from  the 
expansion-eccentric,  and  the  clearances  are  cooled  and  filled  with  water  by  a 
spray  introduced  from  an  annular  chamber  in  the  stuffing-box  via  a  bore  in 
the  plunger. 

The  high-pressure  cylinder  is  bolted  on  the  bed-plate,  the  low-pressare 
cylinder  being  supported  by  wrought-iron  stays.  The  piston-rod  is  in  two 
parts,  but  as  the  front  head  of  the  low-pressure  cylinder  is  screwed  on  from 
the  inside,  the  rod,  pistons  and  cylinder-heads  can  be  drawn  out  together. 

A  modified  form  of  Corliss  valve-gear  devised  by  Mr.  F.  Struad  is  used  for 
the  high-pressvire  cylinder,  the  expansion-valves  being  mounted  concentrically 
inside  the  main  valve,  so  that  the  alterations  in  the  cut-off  are  determined 
by  the  relative  displacement  of  the  valve-edges.  One  eccentric  drives  the 
four  slide-valves,  while  a  separate  eccentric  works  the  expansion-valves  of 
the  high-pressure  cylinder  through  a  swinging-lever,  which  also  serves  for 
the  expansion-adjustment. 

When  tested  after  5  months'  work,  the  engfine  gave  satisfactory  diagrams; 
and,  owing  to  the  insulation  of  the  steam-pipe  with  silk-waste  and  zinc,  the 
loss  by  condensation  was  found  to  be  slight.  C.  S. 


EEECTTNG  A  CONCEETE  DAM  IN  A  MINE  AT  PEIBEAM. 

Uehtr  den  Ban  eines  Betondnmm^-H  am  18.  Lanfe  des  Lillschdchfer-Oitschlages  in 

Pribram.       By    W.    Oppl.       Oe.sferreichi'iche    Zeitsdirift  fur    Berg-    und 

Hutfenii-e-'^en,  1900,  rol.  xlviii.,  pages  33-3Q,  with  I  pfaU. 

This  dam  was  constructed  in  the  No.  18  level  of  the  Lill  shaft,  in  order  to 

keep    back    the    water    draining    from    abandoned    workings,     which    water 

accumulated  at  the  rate  of  28  gallons  (1275  Litres)  per  minute  and  constituted 

20  per  cent,  of  the  entire  quantity  in  the  mine.     The  form  adopted  was  that 
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of  a  double  arch  of  brickwork  with  an  intervening  space  of  SO  inches  (2  metres) 
filled  with  rammed  cement-concrete,  the  arch  nearest  the  water  being  concave, 
and  U  bricks  thick,  whilst  the  front  arch  was  made  60  inches  (1-5  metres) 
thick  and  built  of  slag-brick  set  in  cement-mortar,  the  convex  side  facing 
the  pressiire. 

The  site  chosen  for  the  dam  was  in  a  l)ed  of  diorite,  197  feet  (60  metres) 
east  of  the  loading-place,  the  gallery  being  widened  and  heightened  by  40 
inches  (1  metre)  each  way  for  a  distance  of  13  feet  (4  metres)  so  as  to  form 
conical  abutments  for  the  two  brick  arches,  and  a  double  cone  for  the  receiD- 
tion  of  the  cement-concrete.  This  work  was  performed  by  careful  blasting 
with  small  charges  of  dynamite  in  short  holes,  to  prevent  the  undue  shattering 
of  the  rock;  and  a  provisional  dam  of  rammed  clay  was  erected  to  keep  the 
sole  dry  while  the  preparatory  work  was  performed. 

When  the  brickwork  had  been  laid  to  a  height  of  20  inches  (50  centimetres) 
above  the  gallery-floor,  a  channel  20  inches  (50  centimetres)  wide  and  12 
inches  (30  centimetres)  deep  was  left  in  the  centre  for  the  reception  of  the 
cast-iron  drainage  pipe  13  feet  (4  metres)  long  and  4-72  inches  (12  centimetres) 
in  diameter,  which  was  set  in  rammed  cement-concrete  both  in  the  brickwork 
and  also  right  through  the  intervening  space.  The  arches  were  then  con- 
tinued up  to  a  height  of  7-2  feet  (2-2  metres)  above  the  floor,  care  being  taken  to 
fill  the  joints  between  the  brickwork  and  the  rock-abutments  with  rammed 
cement-concrete,  after  laying  every  second  course. 

The  concrete  was  prepared  from  1  part  of  Konigshof  portland  cement,  2 
parts  of  granulated  blast-furnace  slag,  and  4  parts  of  quartz-gravel;  but 
owing  to  lack  of  room  for  mixing,  the  concrete  had  to  be  made  in  40  blocks, 
instead  of  in  a  single  mass.  To  prevent  contact  of  the  gravel  with  the  rock- 
walls,  the  edges  were  laid  in  cement-mortar.  The  hardened  surfaces  of  the 
blocks  were  moistened  and  roughened  before  laying  the  next  course,  in 
order  to  ensure  thoroiigh  adherence.  The  blocks  nearest  the  water-side  of 
the  dam  were  put  into  position  first,  the  bricks  of  the  upper  course  being 
pushed  into  place  from  behind  and  backed  up  by  the  cement-concrete,  after 
which  the  rest  of  the  concrete  was  laid,  the  upper  portions  being  rammed 
against  the  walls,  from  the  centre.  In  making  up  the  front  dam,  the  joints 
in  the  final  course  were  rammed  tight  with  cement-concrete. 

The  time  occupied  in  the  preparatory  work  was  374  shifts  of  8  hours,  and 
the  erection  of  the  dam  took  up  394  shifts,  2  masons  and  2  labourers  being 
engaged  in  each  shift. 

To  withstand  the  anticipated  heavy  pressure  (40  atmospheres),  the  valve 
in  the  outlet-pipe  was  stayed  against  the  wall-timbers  by  means  of  strong 
angle-irons,  wrought-iron  bands  being  laid  over  the  flanged  joints  between 
the  valve  and  the  pipe,  for  the  same  purpose.  C.  S. 


A  MINE-DAM. 

A  Mint  Dam.  By  William  Kelly.  Transaction  of  the  Amerkav  Institute  of 
Mining  Engineers,  1897,  vol.  xxrii.,  jjages  400-404. 
A  stream  of  water  was  tapped  in  an  exploring  drift,  780  feet  below  the 
surface  at  the  Currey  iron-mine,  at  Norway,  Michigan.  The  drift,  which  was  6 
feet  wide  by  7\  feet  high,  had  crossed  some  slate  and  entered  a  jasper  forma- 
tion. The  dam  was  built  in  the  slate,  as  being  more  dense  and  solid,  though 
much  softer  than  the  jasper.  It  was  constructed  of  sandstone  and  mortar 
(1  part  of  cement  to  two  parts  of  sharp  sand),  10  feet  thick,  and  curved  to  a 
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radius  of  6  feet.  The  abutincnts  were  cut  out  of  the  sides  in  line  with  the- 
centre  of  the  curve,  but  leaving  the  rock  rough.  The  floor  was  excavated,  15 
to  20  inches,  below  the  bottom  of  the  drift,  and  the  top  was  made  2  feet  higher 
in  front  and  5  feet  higher  at  the  back.  The  front  courses  of  stone  were  ciit 
to  fit  the  arch  and  no  crevices  were  left. 

Tw^o  openings  were  left  through  the  dam :  one  was  fitted  with  a  pipe  15 
inches  in  diameter,  with  a  gate-valve  at  the  outer  end  to  carry  off  the  water, 
and  the  other  with  a  steel  pipe,  20  inches  in  diameter,  with  a  blank  flange, 
2^  inches  thick,  at  the  outer  end,  into  which  an  hydraulic  pressure-gauge  was 
tapped.     The  pipes  were  anchored  to  the  masonry  by  .3  clamps. 

When  the  water  had  been  shut  off  for  about  20  hours,  the  gauge  showed  .■* 
pressure  of  240  pounds  and  the  dam  was  leaking  30  gallons  of  water  a  minute. 
The  water  was  then  let  off'  again  and  a  brickwall,  22  inches  thick,  was  built, 
2  feet  2  inches  from  the  inside  of  the  dam :  the  space  between  was  filled 
with  concrete  made  from  limestone  broken  to  egg-size  4  parts,  with  3  parts  of 
cement-mortar.  Before  shutting  off  the  water,  three  loads  of  horse-manure 
were  put  against  the  brickwork,  and  held  there  by  a  timber  partition.  In  a 
week,  the  pressure  rose  to  277  pounds  per  square  inch,  or  a  total  pressure  of 
more  than  800  tons  against  the  dam.  The  water  trickling  through  the  dam, 
in  eight  or  ten  different  places,  mostly  near  the  top  or  one  side,  gradually 
decreased  from  7  to  2.V  gallons  per  minute.  After  the  dam  was  closed,  the 
record  of  the  pumps  for  six  days  showed  a  decrease  of  295  gallons  per  minute. 

The  total  cost  of  the  dam  was  =£96  (484-27  dollars).  A.  ^^'.  G. 


WATER-AND-FUEL  ECONOMY  IN  STAMP-MILLING. 

By  A.  \V.  Warwick.  The  Engineering  and  Mining  Journal  {Nev  York),  1900, 
vol.  fxix.,  pages  529-530,  irith  1  illustration. 

Economy  of  water  is  so  essential  to  mining  in  the  arid  zone  of  Arizona 
and  southern  California  that  the  efficiency  of  the  water-saving  apparatus 
frequently  determines  the  success  or  otherwise  of  the  entire  operations.  The 
result  of  this  condition  is  that  ore-milling  is  conducted  with  seemingly  small 
quantities  of  water.  The  successful  introduction  of  oil-engines  has  largely 
assisted  in  effecting  this  necessary  economy. 

At  the  Matterhorn  mine,  in  the  south-eastern  corner  of  the  Mojave  desert, 
the  writer  has  obtained  some  facts  and  figures  as,  to  the  minimum  amount  of 
water  that  will  supply  a  mill  of  10  stamps.  The  amount  was  surprisingly 
small,  and  the  purity  of  the  water  returned  to  the  batter j-  exceeded  the  most 
sanguine  expectations.  It  was  originally  intended  at  this  mill  to  use  spitz- 
kasten  only  for  the  water-saving  apijaratus,  but  in  no  case  did  the  saving 
exceed  45  per  cent,  in  the  tests  of  the  spitzkasten  alone.  In  the  first  tests,  the 
so-called  "  siphon-discharge  "  was  used,  but  in  this  case,  in  order  to  prevent 
clogging,  the  effluent  slime  must  contain  not  less  than  80  per  cent,  of  water. 
The  siphon  was  then  replaced  by  an  adjustable  gate,  and  this  worked  admirably 
for  a  time,  giving  slimes  of  any  desired  consistency.  The  coarse  sands, 
however,  gave  considerable  trouble,  so  a  sandbox  was  placed  before  the 
spitzkasten  to  relieve  the  latter.  The  result  of  this  arrangement  was 
that  the  spitzkasten  regularly  delivered  its  slime,  and  the  final  saving  of 
water  averaged  nearly  80  per  cent. 

After  giving  details  of  this  arrangement  and  tabulating  the  results  of  a 
month's  working,  the  writer  refers  to  the  importance  of  suitable  motive  power, 
and  remarks  that  as  the  amount  of  water  sent  to  the  mill  for  the  month  referred 
to  would  have  barely  supplied  the  boiler  had  a  steam-plant  been  adopted,  it 
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can  easily  be  seen  how  important  it  is  to  select  the  right  motive  power. 
This  mill  was  actuated  by  an  oil-engine,  which  gave  entire  satisfaction. 
The  engine  is  described,  and  figures  are  given  showing  that  in  the  circum- 
stances referred  to,  the  economy  of  the  oil-engine  is  excellent  compared  with 
small  steam-engines.  Taking  all  points  into  consideration,  a  desert  mill,  in 
spite  of  water-economizing,  can  be  run  very  cheaply,  and  there  is  no  doubt 
that  the  use  of  oil-engines  has  very  largely  contributed  to  this  result. 

X.  T.  Z. 


SLATE-QUAERIES  OF  ANGERS,  FRANCE. 
yotes -fur  les  Ardomere-i  d'Amjers.     i?y  Joseph  Kerstex.     Annuaire  de  V A'^socia- 
tion  des  Ing^iiienrs  sorfis  de  VEcoh  de  Lieye,  1900,  ■■<eries  5,  vol.  xiii.,  pages 
237-253,  uiih  1  plate  and  4Jig>ire'i  in  the  text. 

The  slates  of  Anjou  are  of  Ordovician  age,  and  occur  associated  with  grits 
and  ferruginous  shales.  Their  strike  is  east  and  west,  and  they  are  sharply 
folded  into  anticlines  and  synclines,  running  in  the  same  direction.  The 
shearing  to  which  the  beds  have  been  subjected  is  shown  by  the  deformation 
of  the  fossils,  chiefly  trilobites,  which  are  found  in  them.  The  proper  colour 
of  the  slaty  members  of  the  series  is  violet-black,  but  on  nearing  the  surface 
they  are  wine-red.  The  cleavage  of  the  beds  worked  is  on  the  whole  very 
perfect,  slates  not  more  than  008  to  0"12  inch  (2  to  3  millimetres)  in  thickness 
being  easily  obtained,  and  where  the  dip  is  nearly  vertical  the  cleavage  a^jpears 
to  be  parallel  to  the  bedding.  Three  kinds  of  troubles  disturb  the  uniformity 
of  the  rock.  These  are  known  locally  as  (orsiiis  or  triie  faults  of  some  width 
filled  with  crystalline  quartz,  cordes  de  chat  or  narrow  fissures  likewise  filled 
with  quartz,  and  chauves  or  secondary  planes  of  cleavage  crossing  the  normal 
direction  diagonally. 

The  chief  slate-beds  worked  are  262  feet  (80  metres)  at  La  Grand'Maison, 
656  feet  (200  metres)  at  Misengrain,  and  98  feet  (30  metres)  at  Renaze. 
At  the  first-named  locality,  which  is  most  fully  described  in  this  paper,  the 
deposit  is  won  by  means  of  a  shaft  sunk  in  the  vertical  slaty  rock  to  a  depth 
of  984  feet  (300  metres).  From  the  bottom  of  this  shaft  a  main- way  is  driven 
along  the  strike  and  therefore  also  parallel  to  the  cleavage :  and  from  each 
side  the  slate  is  mined  by  overhand  stoping  in  chambers,  164  feet  (50  metres) 
long,  92  to  98  feet  (23  to  30  metres)  broad,  and  33  feet  (10  metres)  in  height. 
Except  where  there  are  disturbances,  no  timbering  is  required,  it  having  been 
ascertained  by  experiment  and  calculation  that  a  vault  of  compact,  vertically 
fissile  rock  of  the  kind  in  question  is  capable  of  suj) porting  a  column  of  the 
above  horizontal  dimensions  and  2,952  feet  (900  metres)  high  without  detach- 
ment taking  place  by  slipping.  The  chambers  at  each  stage  are  filled  with 
waste  when  the  slate  has  been  withdrawn  from  them.  The  present  workings 
at  Grand'Maison  from  984  feet  (300  metres)  to  tlie  upper  portion  of  the 
unaltered  slate,  producing  yearly  60,000,000  slates  (or  1,500  tons  of  finished 
produce),  are  calculated  to  last  48  years.  When  these  are  worked  out,  the 
same  process  of  extraction  will  be  carried  out  at  a  lower  depth.  At  the  mine 
mentioned  only  14  per  cent,  of  the  rock  extracted  is  turned  ovit  as  saleable 
slate. 

The  Societe  Ardoisiere  de  l' Anjou  is  the  principal  company  exploiting  the 
slate.  It  employs  1,760  workmen  at  a  wage  of  2s.  Id.  to  3s.  9d.  (2^  to 
4^  francs)  a  day,  65  clerks  and  others,  and  prodiues  annually  150,000,000 
slates  weighing  50,000  tons.  The  apjiroximate  value  of  this  output  is  ,£130,000 
(3,250,000  francs).  G.  A.  L. 
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THE  IRON-INDUSTRY  IN  LOMBARDT. 

Stiidie   ilher  die  M-^enindnstHe  in  der  Lombardie.      By  C.   von  Erxst.      Oe>ster- 

reichische  Zeitschrift  fur  Berg-  und  Hiitienifeseu,   1899,    vol.    xlcii.,  pages 

381-387  and  400-404,  with  1  plate. 

A  portion  only  of  the  ironworks  in   Lombardy  is  engaged  in  smelting 

indigenous  ore,  and  this  branch  of  the  industry  was  never  extensive,  the 

maximum  production  in  the  most  flourishing  period  (40  to  50  years  ago)  not 

exceeding  13,000  tons  of  crude  iron,  or  9,000  to  10,000  tons  of  refined  iron 

and  steel.     The  fall  in  prices  after  the  boom  in  1872-1874  struck  a  furtlier 

blow,  and,  as  no  assistance  was  afforded  by  the  1887  tariff,  the  output  sank 

continuously,  so  that  from  1892  down  to  the  present  time  only  about  5,000 

tons  of  crude  iron  have  been  turned  out  every  year. 

There  are  five  centres  of  the  iron-ore  mining  industry  in  the  Lombard 
Alps,  namely,  Val  Trompia,  Lake  Iseo,  the  middle  Camonica  valley,  the 
upper  Scalve  valley,  and  Manina  (upper  Val  Seriana).  The  geological  forma- 
tions containing  the  ore  are: — tlie  Lower  Triassic  Servino  (marl-slate  and 
sandstone-beds),  the  underlying  Red  Sandstone,  and  the  mica-schist,  all  of 
which  enclose  lodes  and  beds  of  spathic  ironstone. 

At  Pezzaze,  in  the  Trompai  valley,  there  are  two  chief  lodes  in  the  mica- 
schist.  The  Bandiera  lode  crops  out  in  an  east-and-west  direction,  with  a 
dip  of  70  degrees  towards  the  north,  and  is  of  variable  thickness,  averaging 
about  14  inches  (035  metre).  The  old  workings  were  driven  at  the  richest 
parts  of  the  outcrop,  biit  the  expense  of  driving  cross-cuts  through  the 
barren  rock  precludes  the  idea  of  getting  out  the  deeper  parts  of  the  lode. 

Further  north  is  the  second  main  lode  (Regina)  cropping  out  at  the  Regina- 
Zoie  mine.  It  averages  24  inches  (60  centimetres)  thick;  and  contains,  in 
places,  copper-pyrites  and  grey  cojDper-ore  up  to  4  inches  (10  centimetres) 
thick.  The  ore  is  of  lower  quality  than  that  from  the  Bandiera  lode  and 
less  productive.  The  best  iron  is  obtained  from  the  siliceous  ore.  locally 
known  as  morelli. 

In  the  same  valley,  the  Trias  formation  contains  three  workable  sedimentary 
deposits  close  together  and  having  an  aggregate  thickness  of  about  14  feet 
(4"25  metres)  of  spathic  ironstone.  Owing,  however,  to  the  frequent  occiirrence 
of  barren  places  and  faults,  this  deposit  has  not  been  very  extensively  worked. 
The  iron  obtained  is  of  inferior  quality,  and  only  one  mine  is  now  worked 
to  supply  the  Tavemola  blast-furnace. 

In  the  other  four  districts,  the  output  is  insignificant. 

The  local  charcoal  blast-furnaces  are  small,  being  only  of  423  to  495  cubic 
feet  (12  to  14  cubic  metres)  capacity,  and  producing  3  to  4i  tons  of  crude  iron 
per  diem.  The  largest  is  at  Castro  and  turns  out  8  to  10  tons  in  24  hours. 
This  furnace  and  that  at  Tavemola  are  the  only  two  employing  horizontal 
blowing-engines  and  working  with  a  pressure  of  12  to  14  inches  (30  to  35 
millimetres)  mercury-gauge,  though  other  works  are  making  improvements 
on  their  old-time  practice. 

It  is  considered  probable  that  the  production  of  good  crude  iron  for 
founders'  use  and  white  iron  of  the  spiegel  type  would  be  profitable,  but 
it  is  very  doubtful  whether  it  would  pay  to  replace  charcoal  by  coke  in  the 
small  furnaces  now  employed,  except  for  special  brands.  The  same  also 
applies  to  the  production  of  puddled  iron,  foreign  crude  iron  being  usuallv 
preferred.  Very  little  ingot-steel  is  made,  other  Italian  or  imported  ingots 
being  found  superior.  Should,  however,  the  supply  of  old  iron  fail,  as  is 
probable,  the  sole  means  of  replacing  this  material  is  by  the  reverberatory- 
fumace  process,  which  therefore  merits  attention. 
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The  chief  centres  of  iron-niamifacture  from  imported  material  are  near 
Lecco  and  in  the  Val  Sabbia,  but  since  the  raising  of  the  import  duty  on 
broken  pig  and  ingot-steel  inferior  crude  iron  has  had  to  be  used. 

Owing  to  the  position  and  condition  of  the  local  mines  and  blast-furnaces, 
it  seems  impossible  for  Lombardy  to  compete  in  price  with  Tuscany  and 
foreign  countries,  most  of  the  iron  now  produced  being  from  old  stocks  of 
ore  acquired  below  cost.  An  exception  might  be  afforded  in  the  case  of 
special  foundry-iron  which  could  be  prepared  at  Val  Seriana,  Val  di  Scalve 
and  Val  Camonica  with  suitable  plant.  C.  S. 


DRY-COAL  COKING  PLANT. 

Btrg-  unci  Huttenmdnnischer  Verein  in  Mahrisch-Ostran<:  Excnraions-hericht .  By 
—  KoHOUT  and  —  Jiciksky.  Oesterreichische  Zeitschrift  fur  Btnj-  nnd 
Hiitteniresen,  Ve7-eins  Mittheihmgen,  1899,  pages  55-57- 
A  modified  form  of  the  Otto-Hoffmann  coke-oven  has  been  adapted  by  Mr. 
J.  Plzak  at  Dombrau,  Austrian  Silesia,  for  coking  washed  slack  coal,  which, 
cannot  be  coked  in  an  ordinary  oven.  He  has  erected  two  batteries  of  30 
ovens,  each  32-81  feet  (10  metres)  long,  38-58  inches  (980  millimetres)  Mgh, 
and  39-37  inches  (1,000  millimetres)  wide,  taking  a  load  of  7J  tons,  which  is 
burnt  for  48  hours  and  produces  5  tons  of  coke.  It  will  be  noted  that  these 
ovens  are  wider  and  lower  than  the  ordinary  coke-oven.  The  small  coal  is 
classed  by  a  drum-screen  into  seven  sizes,  which,  are  cleaned  by  Baum  jigging- 
machines.*  All  sizes  passing  over  a  mesh-diameter  of  079  inch  (20  milli- 
metres) are  sold  as  nut  coal,  while  the  smaller  sizes  are  lifted  by  centrifugal 
pumps  into  storage-hoppers  of  600  tons  capacity,  and  are  ground  in  a  dis- 
integrator and  coked.  The  waste-gases  of  the  coke-ovens  are  passed  through 
condensers  and  yield  3-5  per  cent,  of  tar  and  1-2  per  cent,  of  ammonium  sul- 
phate, calculated  on  the  weight  of  coal  coked.  The  waste-gases,  in  excess  of 
those  used  in  heating  the  ovens,  are  applied  to  the  production  of  steam  from  4 
water-tube  boilers  for  an  electric  generating-plant  of  600  horsepower.  One 
30  horsepower  motor  drives  the  coke-ram;  an  80  horsepower  motor,  the  con- 
densing-plant ;  a  50  horsepower  motor,  the  boiler-feed;  3  motors,  totalling 
230  horsepower,  the  coal-washing  machinery;  and  3  motors  each  of  16  horse- 
power, work  the  rope-way,  2,800  feet  long,  a  wagon-traverser,  and  the  electric- 
ligrhtinsr  station.  M.  W.  B. 


TIME  IN  COKE-MAEXNG. 

Timt  in  Coke-Making.  By  William  Gilbert  Irwin.  7/;t  Engineering  and 
Mining  Journal  {New  York),  1900,  vol.  Ixix.,  page  256. 
Time  in  coke-making  has  long  been  one  of  the  important  questions  with 
coke-makers,  and  for  many  years  the  leading  operators  have  been  seeking  for 
means  to  economize  in  this  respect  and  at  the  same  time  to  maintain  the 
standard  of  excellence  requisite  in  an  efficient  furnace  and  foundry  fuel.  But 
no  real  progress  has  ever  been  made  along  this  line,  so  far  as  concerns  the  bee- 
hive coke-oven.  After  describing  a  number  of  experiments  made  by  various 
companies  in  this  direction,  and  tabulating  the  results,  the  writer  concludes 
that  the  most  successful  system  of  the  new  type  seems  to  be  the  Semet- 
Solvay  system.       By  this  system,  a  good  quality  of  coke  is  obtained  in  36 

*  Trans.  Inxt.  M.E.,  vol.  vii.,  page  1.56. 
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hours,  and  at  tlie  same  time  all  the  bye-products  are  utilized.  Apart  from 
the  economy  in  time,  the  adoption  of  the  bye-product  oven  is  a  step  towards 
the  abatement  of  smoke.  AlsOj  leaving  out  the  question  of  increased  pro- 
duction through  the  reduction  of  time  required  for  coking,  the  bye-products 
would  for  western  Pennsylvannia  alone  reach  .£2,000,000  (810,000,000) 
annually,  while  at  present  this  iS  a  total  loss.  Altogether  it  is  not  reason- 
able to  hope  for  any  decided  results  in  the  reduction  of  time  in  coking,  until 
the  industry  shall  have  been  placed  on  scientiSc  lines  by  the  general  adoption 
of  the  bye-product  type  of  coke-oven.  X.  Y.  Z. 


THE  RICHE  WOOD-GAS  GENERATOR. 

Generatiiiff  Gas  from  Wood.     By  James  M.  Neil.       The  Engineeriny  and\Mininij 
Journal  (Neiv  Yo^-k),  1900,  vol.  Ixx.,  pages  281-282,  with  1  illustration. 

To  miners,  smelters,  etc.,  who  have  difficulty  in  obtaining  coal  or  coke, 
the  Eiche  generators  are  useful,  as  the  gas  gives  a  powerful  heat  and  is  suitable 
for  motive  power.  From  a  table  of  analyses  submitted  by  the  writer,  it 
appears  that  wood-gas  may  now  be  obtained  of  a  calorific  power  approaching 
that  of  coal-gas.  The  principle  of  the  Eiche  generator  is  based  upon  the 
reducing  power  of  carbon;  and  by  its  means  all  the  volatile  products  of  wood, 
peat,  etc.,  are  reduced  into  stable,  simple  compoimds,  producing  three  times 
as  much  rich  permanent  gas  as  was  formerly  possible,  without  the  aid  of 
purifiers,  the  only  other  product  being  a  saleable  charcoal  which  often  pays 
for  the  first  cost  of  the  wood. 

The  Eiche  generator  is  composed  of  a  kiln  of  ordinary  red-bricks  and  fire- 
bricks reinforced  by  an  iron  ring.  Inside  of  this  masonry  are  the  beds  for 
the  retorts,  which  latter  are  heated  by  fire-boxes  at  the  end  of  the  kiln.  These 
fire-boxes  are  so  arranged  that  the  heating  of  the  kiln  can  be  shut  off  or  started 
at  a  moment's  notice,  and  the  construction  is  such  that  any  retort  may  be 
taken  out  and  replaced  without  hindering  the  usual  work  of  the  generator. 
One  man  looks  after  a  generator  of  6  retorts,  and  on  a  smaller  plant  he  usually 
attends  to  the  gas-engine  as  well.  Each  retort  produces  180  cubic  feet  of 
gas;  1  ton  of  wood  produces  more  than  25,000  cubic  feet  of  gas,  and  about 
400  pounds  of  wood-charcoal;  and  a  horsepower-hour  can,  it  is  claimed,  be 
obtained  at  a  cost  of  less  than  ^d.  {\  cent).  The  gas  does  not  give  a  flame 
for  illuminating  purposes,  but  when  used  ^vith  an  incandescent  mantle  it 
gives  a  light  of  50  candle-power  -with  a  consumption  of  b\  cubic  feet  of  gas 
per  hour.  With  wood  at  12s.  6d.  (3  dollars)  per  ton,  and  leaving  the  charcoal 
out  of  account,  Eiche  wood-gas  costs  7d.  (14  cents)  per  1,000  cubic  feet. 

X.  T.  Z. 


PYEITIC  SMELTING  AND  HOT  BLAST. 

Pyritic  Smelting  and  Hot  BlaM.  By  S.  E.  Bbethertox.  The.  Engineering  and 
Mining  Journal  {Xf  ir  York),  1900,  vol.  /.r.r.,  yx^z-^v  760-761. 
Pyritic  smelting  is  the  utilization  of  sulphides  as  both  flux  and  fuel,  the 
metallic  bases,  excepting  copper,  uniting  with  the  silica  to  form  a  slag,  and 
the  copper  Acting  as  a  collecting  agent  to  gather  the  precious  metals  into  a 
copper-matte,  the  sulphur  uniting  with  the  oxygen  of  the  blast  to  generate 
heat,  just  as  the  carbon  from  fuel  does.  The  writer  discusses  some  of  Ihe 
problems  confronting  those  who  contemplate  the  erection  of  a  matting-furnace 
for  the  reduction  of  a  great  variety  of  ores,  and  maintains  that,  in  general. 
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copper-smelting  and  hot  blast  are  more  efficient  and  less  costly  than  lead- 
smelting  and  cold  blast.  The  disadvantages  inseparable  from  a  cold  blast 
are  especially  noted,  and  it  is  claimed  that  the  advantages  of  the  hot  blast 
are.  speaking  generally,  improved  chemical  conditions,  economy  of  fuel,  and 
greater  capacity  of  furnace. 

After  referring  to  several  inventions  designed  to  heat  the  air  automatically 
and  withoiit  cost,  the  author  refers  to  his  own  arrangement — the  Bretherton 
hot-blast  apparatus.  In  constructing  this  apparatus,  the  principal  features 
required  for  its  success  were  kept  in  mind,  such  as  doing  away  with  the  back 
pressure  on  the  blower  so  that  the  volume  of  air  would  not  be  minimized; 
taking  the  heat  from  the  escaping  heat  of  the  hot  slag  by  building  an  oven 
round  the  fore-hearth — the  oven  having  flues  passing  through  it  for  escap- 
ing fumes  of  the  slag;  and  augmenting  the  heat  acquired  in  that  manner 
somewhat,  by  using  a  set  of  air-jackets  above  the  water-jackets  round  the 
furnace,  the  air  having  a  continuous  passage  from  the  blower  to  the  tuyeres. 
In  this  way  the  top  of  the  furnace  was  kept  cool,  so  as  to  prevent  volatilization. 

The  first  and  most  important  item  to  consider  when  heating  the  air-blast 
is  that  it  in  no  w-ay  interferes  with  the  regular  working  of  the  blower,  as  the 
blast  passes  cold  through  the  blower.  All  calculations  as  to  the  amount  of 
blast  required  and  used  can  be  based  on  the  regular  volume  handled  by  the 
blower,  the  same  as  when  using  cold  blast.  In  this  way,  the  amount  of  free 
oxygen  sent  into  the  blast-furnace,  whether  heated  or  cold,  can  be  calculated, 
provided  there  is  no  obstruction  of  the  free  passage  of  the  air  throiigli  the 
heating  apparatus.  It  is  therefore  necessary  that  the  area  of  the  heating- 
box  shall  be  larger  than  the  inlet  where  the  cold  blast  enters,  so  that  no  back 
pressure  is  created.  The  outlet  of  this  heating-box  should  be  made  with 
nearly  double  the  capacity  of  the  inlet. 

By  the  latest  arrangement  at  Silverton,  Colorado,  the  writer  utilizes  not 
only  what  little  heat  there  is  to  be  saved  practically  above  the  feed  floor, 
but  also  the  heat  which  would  otherwise  go  to  waste,  through  a  much  needed, 
large,  enclosed  matte-settling  arrangement.  It  is  the  same  arrangement  as 
that  first  started  with,  excepting  that  all  the  heat  in  that  case  was  obtained 
from  the  slag  and  the  wood  burned  on  the  settler's  surface.  With  that  the 
fuel  was  reduced  to  one-third,  and  all  preliminary  roasting  dispensed  with, 
where  previously  it  had  been  necessary  to  roast  two-thirds  of  the  ore  and 
concentrates  smelted.  X.  Y.  .Z. 


THE  HANS  A.  FRASCH  ELECTROLYTIC  PROCESS  FOR  EXTRACTING 
METALS,  AS  APPLIED  TO  COPPER-NICKEL  MATTE. 

The  Hunn  A.  Frasch  Electrolytic  Process  for  Extractin<i  Metals,  as  applied  to 
Copper-Nickel  Matte.  By  Richard  P.  Rothwell.  The  Engineerinrj  and 
Miiiinrf  Jonmal  (Nen.^  Yorl),  1900,  vol.  Ixx.,  pages  272-273. 

This  process  bids  fair  to  revolutionize  the  present  methods  of  extracting 
not  only  copper  and  nickel  from  their  ores  and  metallurgical  products,  but 
ap])cars  adaptable  to  the  winning  of  silver,  mercury,  and  other  metals  that 
have  hitherto  offered  almost  insurmountable  difficulties  to  their  economical 
extraction  in  the  wet  way. 

The  process  as  applied  to  the  Sudbury  copper-nickel  matte  is  simplicity 
itself  in  idea  and  arrangement.  Briefly  outlined,  it  consists  of  the  electrolysis 
of  a  brine-solution  in  such  a  manner  that  while  the  sodium  ions  are  set  free 
at  the  cathodes  with,  the  immediate  formation  there  of  caustic  soda,  the 
chlorine  ions  are  liberated  in  the  anode  section  containing  the  matte,  and 
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immediately  form  a  chloride  solution  of  the  metals  present.  In  this  way,  brine 
is  electrolysed  to  form  caustic  soda  at  even  less  expense  than  with  the 
insoluble  anodes  in  the  Castner-Kellner  or  Ehodin  precesses,  and  at  the  same 
time  the  chlorine,  instead  of  being  made  into  bleach,  is  directly  utilized  for  the 
formation  of  the  chlorides  of  copper,  nickel,  iron  and  other  metals  tliat  are  in 
combination  in  the  matte  at  the  anode  poles.  In  other  words,  in  the  ordinary 
caustic-soda  manufacture,  to  produce  it  economically  requires  the  combination 
of  the  chlorine  set  free  to  form  the  bye-product  bleach,  while  in  the  present 
Frasch  process  the  caustic  soda  itself  becomes  a  bye-product  and  the  chlorine 
combines  with  the  metals  in  the  matte  practically  at  the  instant  it  is  set  free, 
and  produces  a  solution  of  metallic  chlorides  that  can  be  directly  treated 
for  the  contained  metals  by  electrolysis  or  chemical  methods ;  or,  after  being- 
electrolysed  of  half  its  content  of  copper  (corresponding  to  the  conversion  of 
the  cuprous  into  the  cupric  salt),  it  may  be  used  for  the  lixiviation  of  the 
metals  in  the  raw  matte:  the  copper-chloride  solution,  being  in  the  cupric 
condition,  acts  chemically  as  a  solvent  for  the  metals  in  the  matte,  and  re-forms 
the  electrolyte  solution  suitable  for  further  electrolysis.  Eventually,  tiie 
metals  in  the  solution  are  recovered  by  electrolytic  deposition,  or,  in  the  case 
of  nickel  and  cobalt,  the  nickel  is  separated  from  the  cobalt  as  a  chemical 
salt  by  a  method  which  Mr.  Frasch  prefers  not  to  disclose  at  present. 

The  electrical  and  chemical  principles  involved  are  perfectly  sound  r.nd 
under  easy  control,  and  the  mechanical  side  of  the  process  calls  for  very 
simple  treatment.  The  matte  is  submitted  to  a  coarse  crushing  and  conveyed 
to  the  vats,  where  it  is  charged  on  a  layer  of  carbonaceous  material  forming 
the  anode  section  at  the  bottom.  On  this  layer  of  matte  is  placed  a  thin  layer 
of  sand  which  gives  a  very  satisfactory  diaphragm  for  the  separation  of  the 
resultant  solutions  of  caustic-soda  and  the  chlorides  of  the  metals.  The 
anode  section  of  the  vat  is  then  filled  to  the  sand-layer  with  a  saline  or  a 
weak  chloride  solution  from  a  previous  operation,  and  the  balance  of  the  vat 
is  filled  with  water  or  with  a  weak  caustic  solution.  The  passing  of  the  two 
solutions  from  the  reservoirs  to  and  through  their  respective  anode  and 
cathode  sections  of  the  vats  and  thence  to  receiving-tanks  is  accomplished 
mainly  by  gravity.  The  subsequent  handling  of  the  solid  material  which 
remains  in  the  anode  section  after  treatment,  consists  of  the  removal  of  the 
upper  layer  of  sand,  which  can  be  washed  and  used  again,  followed  by  the 
removal  of  the  leached  material,  from  which  jjerhaps  it  might  prove 
economical  to  extract  the  sulphiir. 

As  a  matter  of  record  the  following  facts  may  be  stated: — The  matte  under 
treatment  was  of  this  composition :  copper,  31 '8;  nickel,  14"8;  iron,  25;  and 
sulphur,  24  per  cent.  The  first  solution  from  the  anode  section  contained,  in 
grammes  per  litre,  copper,  50;  nickel,  43;  and  iron,  26'6.  After  the  removal 
from  this  solution  by  direct  electrolytic  deposition  of  one-half  the  copper- 
content,  a  second  percolation  through  the  anode  sections  gave  a  solution  that 
contained  in  grammes  per  litre,  copper,  50;  nickel,  60;  and  iron,  35.  By  a 
fiirther  intermediate  removal  of  the  copper  from  the  chloride  solution  with 
intermediate  percolation  through  the  anode  section  or  sections,  the  per- 
centage of  nickel  can  be  raised  to  any  required  degree.  In  the  tests  carried 
out  at  the  works  of  the  Nickel-Copper  Company  (Hamilttm,  Ontario),  the 
result  obtained  fully  reached  the  theoretical  quantities;  in  fact,  they  some- 
what exceeded  them,  as  often  occurs  in  electrolytic  work  where  soluble  anodes 
are  employed.  It  is  claimed  that  the  entire  cost  of  the  process  will  be  fully 
met  by  the  value  of  the  caustic  soda  and  other  bye-products.         X.  Y.  Z. 
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COST  OF  SMELTING   AND  EEFINING. 
S'otes  on   Lead  Smelting   and   Gold   and  Silrer   Rejinimj :   CoM   of  Smelting   and 
Herining  at  the  Globe  Works,  Denver,  Colorado.  By  MAL^'ER^r  W.  Iles.     The 
Engineering  and  Mining  JoiirnaJ  {Xtii'  York),  1900,  vol.  Ix.c,  pages  185-186. 

Cost  of  Hand-roasting  per  Ton  (2,000  pounds)  of  Ore. — In  1888,  the  cost  was 
about  17s.  lOd.  (•4-28  dollars),  alter  which  the  cost  gradually  tell  year  by  year 
until  in  1898  it  was  lOs.  lid.  (262  dollars)  per  ton.  These  figures  may  be 
rather  higher  than  the  average,  but  the  roasters  were  charged  in  proportion 
with  expenses  of  general  management,  office,  etc.  In  viewing  the  yearly  re- 
duction of  costs,  it  must  be  noted  that  much  was  due  to  improved  furnace-con- 
struction, and  that  an  important  change  was  also  made  in  the  condition  of  the 
product.  These  changes  are  described,  and  the  experimental  results  proved 
that  the  best  condition  of  product  is  a  semi-fused  or  sintered  state,  in  which 
the  particles  of  roasted  ore  have  been  compressed  by  pounding  the  mnterial 
which  has  been  drawn  into  the  slag-pots  with  a  heavy  iron  disc. 

Comparative  Cost  of  Hand-roasters  and  Mechanical  Furnaces. — At  first,  the 
roasting  was  done  mainly  by  hand-roasters.  Later  two  Brown-O'Harra 
mechanical  furnaces  were  used.  The  comparison  of  the  cost  of  labour  by 
the  two  methods  shows  a  gain  of  2s.  3d.  (54  cents)  per  ton  in  favour  of  the 
mechanical  furnaces.  The  writer,  however,  considers  the  gain  a  costly  one, 
which  is  more  than  off  set  by  the  cost  of  the  high-grade  fuel  required,  and 
the  cost  of  repairs,  and  thinks  that,  taking  a  term  of  years,  the  hand-roasting 
will  be  cheapest  in  the  end.  The  costs,  by  the  two  methods  for  each  month 
of  1898  have  been  taken  out,  the  quantity  roasted  each  month  runs  from  5.000 
to  6,000  tons,  and  the  costs  inchide  labour,  coal  and  general  exjjenses.  The 
total  average  cost  per  ton  for  the  year  is  lis.  5id.  for  the  hand-roasters  and 
9s.  ^rd.  for  the  mechanical  furnaces  (2" 75  and  2'21  dollars  respectively). 

Cost  of  Smelting. — The  total  cost  of  smelting  is  made  up  of  a  large 
number  of  items,  biit  a  great  advance  has  been  made  in  the  develop- 
ment of  smelting.  In  1887,  the  average  cost  per  ton  was  19s.  4Jd.  (4*64 
dollars),  and  in  1898  it  had  fallen  to  9s.  5d.  (226  dollars).  Some  of  the 
changes  which  made  this  reduction  possible  were :  Enlargement  of  area  of 
furnace  at  tuyeres  from  30  by  100  to  42  by  140  inches;  height  of  charge  from 
taiyeres  increased  from  11  to  16  feet ;  blast-pressure  raised  from  1  to  3  or  4 
pounds  per  square  inch;  and  fore-hearth  capacity  increased  from  6  to  128 
cubic  feet.  In  1886,  slag  settled  in  pots ;  in  1899,  in  furnaces ;  in  1886,  the  fuel 
was  charcoal,  in  1899,  coke;  in  1886,  280  pounds  of  slag  were  removed  per 
trip  by  hand,  whilst  in  1899,  from  3,000  to  6,000  pounds  were  removed  per 
trip  by  locomotive;  in  1886,  200  pounds  of  matte  were  removed  per  trip  by 
hand,  and  in  1899  ten  times  the  quantity  was  removed  per  trip  by  horsepower. 

Cost  of  Refining  hy  the  Parkes  Process. — In  general,  it  may  be  stated  that 
the  average  cost  of  refining  base  bullion  varies  from  12s.  6d.  to  21s.  (3  to  5 
dollars)  per  ton.  This  amoiint  is  based  on  the  cost  of  labour,  spelter,  coal, 
coke,  supplies,  repairs  and  general  expenses.  When  the  additional  items  of 
interest,  expressage,  brokerage,  and  treatment  of  bye-pri)diicts  are  considered, 
the  total  refining  cost  may  be  stated  approximately  as  42s.  QO  dollars)  per  ton 
of  bullion  treated.  Variations  in  the  cost  occur  from  time  to  time,  and  are 
due  to  several  causes,  principally  the  irregularity  of  the  bullion-supply,  and 
its  conseqtient  effect  on  the  work  of  the  plant.  The  writer  concludes  by 
analysing  the  different  items  of  cost,  and  pointing  oiit  those  which  offer  the 
most  room  for  improvement.  But  it  is  specially  remarked  that  the  item  of 
parting  and  brokerage  is  the  largest  of  the  refinery  costs,  and  that,  for 
obvious  reasons,  every  modem  smelting-plant  should  have  a  parting-plant 
under  its  own  control.  X.  T.  Z. 
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II.— BAROMETER,  THERMOMETER,  Etc.,  READINGS  FOR 
THE  YEAR  1899. 


By   M.   WALTON   BROWN. 


The  barometer,  thermometer,  etc.,  readings  have  been  supplied  by 
permission  of  the  authorities  of  G-lasgow  and  Kew  Observatories,  and  give 
some  idea  of  the  variations  of  atmospheric  temperature  and  pressure  in  the 
intervening  districts  in  which  mining  operations  are  chiefly  carried  on  in 
this  country. 

The  barometer  at  Kew  is  34  feet,  and  at  Glasgow  is  180  feet,  above 
sea-level.  The  barometer  readings  at  Glasgow  have  been  reduced  to  32 
feet  above  sea-level,  by  the  addition  of  0*150  inch  to  each  reading,  and  the 
barometrical  readings  at  both  observatories  are  reduced  to  32°  Fahr. 

The  statistics  of  fatal  explosions  in  coUieries  are  obtained  from  the 
annual  reports  of  H.M.  Inspectors  of  Mines,  and  are  also  printed  upon 
the  diagrams  (Plates  XX.  and  XXI.)  recording  the  meteorological 
observations. 


Table  I. — Summary  of  Explosions  op  Fire-damp  or  Coal-dust  ix  the 

SEVERAL   MlNES-lNSPECTIOX   DISTRICTS   DURING   1899. 


Fatal  Accidents. 

Non-fatal  Accidents. 

Mines-inspection  Districts. 

No. 

Deaths. 

Injured. 

No. 

Injtured. 

Durham 

2 

7 

6 

5 

8 

Ireland 

0 

0 

0 

0 

0 

Liverpool 

1 

2 

u 

2 

4 

Manchester 

0 

0 

0 

1 

1 

Midland    

0 

0 

0 

5* 

4 

Newcastle-upon-Tvne    ... 

2 

2 

3 

9* 

12 

Scotland,  East     

.5 

7 

4 

31 

40 

Do.      West    

8 

9 

8 

27 

37 

South  Wales        

2 

20 

0 

28 

37 

South- Western     ... 

0 

0 

0 

2 

2 

i  Staffordshire,  North 

0 

0 

0 

2 

3 

1           Do.           South 

2 

5 

3 

10 

13 

j  Yorkshire 

!           ■     Totals      

1 

2 

2 

3 

7 

23 

54 

26 

125 

168 

Including  an  explosion  by  which  no  person  was  injured. 
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Table   II. — List   of   Fatal   Explosioxs  of  Fire-damp  or   Coal-dust   in" 
Collieries  in  the  several  Mines-inspection  Districts  during  1899, 


1899. 

Colliery. 

Mines-inspection . 
Districts. 

Deaths. 

Ko.  of 
Persons 
Injured. 

Jan. 

9,    8-0     a.m. 

Gilberttield     (.\'o.    2 

Pit)          

Scotland,  West 

1 

0 

10.    G-4.5     ., 

Pumpherston      (Oil-, 

shale) 

Scotland.  East 

1 

0 

Feb. 

17,     (i-0       ,. 

Walbottle     

Newcastle-upon-Tyne 

1 

2 

-Mar. 

11.    40    p.m. 

Cadebv  Main 

Yorkshire      

2 

2 

,, 

18,  10-30  a.m. 

Gartshoie  (No.  9  Pit)!  Scotland,  West 

1 

0 

April 

4,    2-30    ., 

Drumpeller    (Nos.    3| 

and  4  Pits) 

Do. 

1 

0 

May 

15,    4-.o0    .. 

Etherley  Grange     ... 

Durham 

1 

2 

22,    6-0      „ 

Benarty         

Scotland,  East 

2 

1 

24,    1-30    „ 

Woodhkll  (No.  1  Pit) 

Scotland,  West 

1 

1 

25.    7-40    „ 

Millfield        

Staffordshire.South... 

4 

3 

June 

9,    2-30    ,. 

Ynisgeinon 

South  Wales 

1 

0 

19,    70      „ 

Ih-ovvnhills   ... 

Stafford.shire,South... 

1 

0 

,, 

20,  10-30    „ 

Holytown  (No.  5  Pit) 

Scotland,  West 

2 

5 

Aug. 

15,    8-30    ., 

Brandon 

Durham 

6 

4 

15,    9-30  p.m. 

Wester  Gartshore    ... 

Scotland,  West 

1 

0 

,. 

18,    2-0   a.m. 

Llest 

South  Wales 

19 

0 

Oct. 

10,  11-0  p.m. 

Hamilton  Palace  (No. 

1  Pit)       

Scotland,  West 

1 

2 

26,    9-0      „ 

Calderbaiik    (No.     1 

Pit) 

Do. 

1 

0 

Nov. 

3,    2-0      ,. 

Bedlington  (A  Pit)  .. 

Newcastle-on-Ty  ne. . . 

1 

1 

J, 

23,  10-30  a.m. 

Point  of  Ayr 

Liverpool 

2 

0 

Dec. 

6,  110    p.m. 

Kinneil          

Scotland,  East 

2 

0 

25.    6-0    a.m. 

Longriggend 

Do. 

1 

0 

■' 

27,    7-30    „ 

Ingliston   (Oil-shale) 

Do. 
Totals 

1 

3 

54 

26 

Table  III.— List  of  Non-fatal  Explosions  of  Fire-damp  or  Coal-dust  in 
Collieries  in  the  several  Mines-inspection  Districts  during  1899. 


1899. 

Colliery. 

Mines-inspection 
Districts. 

No.  of 
Persons 
Injured. 

Jan. 

6,    2-0    p.m.... 

Llest          

South  Wales 

1 

10,     7-15  a.m.... 

Broxburn  (Oil-shale) 

Scotland,  East 

1 

12,     4-0    p.m.... 

Camp  (No.  1  Pit)       ... 

Scotland,  West 

9 

28,     9-0    a.m.... 

Gelliceidrim 

South  Wales    ... 

4 

Feb. 

6,    9-30    „     ... 

Brownhills      

Staiiordsliire.  South  ... 

1 

., 

6.    5-0    p.m.... 

Tyrddcrwcn    

South  Wales    ... 

2 

8,  12-30  a.m.... 

Cwrt-v-Bettws 

Do. 

1 

,. 

13,    30    p.m.... 

Granville  (No.  2  Pit) 

Midland 

0 

18,    6-0    a.m.... 

Camerton 

Newcastle'- upon-Tyne 

1 

20,    5-45    ,.    ... 

Glenboig  (P'ire-clay) 

Scotland.  East 

1 

23,    rO    p.m.... 

Nunnery 

Yorkshire 

4 

•• 

25,   7-30  a.m.... 

Woodilee 

Scotland.  West 

1 

Mar. 

3,    6-0   p.m.... 

Longriggend 

Scotland,  East 

2 

J, 

8,    12-0     „     ... 

Meiros 

South  Wales 

1 

» 

9,    12-0  noon... 

Cadder(No.  16  Pit)  ... 

Scotland,  West 

2 

« 

15,    7-15  a.m.... 

Haughhead     

Do 

2 

., 

15,  11-0    p.m.... 

Bridgeness      

Scotland,  East 

1 

» 

23,  11-30  a.m.... 

Birchgrove      

South  Wales 

1 

BAROMETER.  THERMOMETER,    ETC.,  READINGS,  1899. 


127 


Table  III. — Contitivcd 

1899. 

ColUerj-. 

Mines-inspection 
Districts. 

'  No.  of 
Persons 
Injured. 

Mar. 

24,     6-0    p.m.,. 

Maypole  (Sinking  Pit);  Liverpool        

2 

28,     7-30  a.m... 

Carfin  (Xo.  1  Pit)      .. 

Scotland.  West 

Apri 

1      fi,  11-.50  p.m... 

Llest     

South  Wales 

.J 

7,     7-30  a.m... 

Llest     

Do. 

,, 

7,  10-0      ,.    .. 

Bredisholm  (Xo.  6  Pit) 

Scotland,  West 

12,  10-0    p.m... 

Maesteg  (Xo.  9  Pit)  ... 

South  Wales 

,, 

12,10-0      „    ... 

Newbattle       

'  Scotland,  East 

- 

14,    2-40    ,.    ... 

Roman    Camp    (Oil- 
shale)          

Do. 

1.5,     7'lo  a.m... 

Merthyi  Llaiitwit 

South  Wales 

,j 

17,     2-20  p.m.... 

Law      

Scotland,  East 

jj 

18.   11-0    a.m.... 

Glvn     

South  Wales 

1? 

21,  100      

Eliand  Koad 

Yorkshire 

24.     .3-0       .,    ... 

-hilbottle        

Xewcastle-upon-Tyue 

., 

24,     4-30    

Dinas  Isha  (No  2  Pit) 

South  Wales   ...    '     ... 

,^ 

27,  12-30  p.m.... 

Birchgrove 

Do. 

May 

4.     8-40  a.m.... 

Hazlerigg 

Newcastle-upon-Tyne 

8.     y-40    „      .. 

Dumbreck  (No.  2  Pit) 

Scotland,  West 

., 

11,  12-30  p.m... 

Blarglachan  (No.  2  Pit) 

Do. 

,, 

15.     4-30  a.m.... 

Wooley  .. 

Durham 

] 

I! 

1.5.     9-0    p.m.... 

Kenmuirhill  (No.  2  Pit) 

Scotland,  West 

18.     1-0      

Cornsilloch       

Scotland.  East 

,, 

19,     7-30  a.m... 

Cannock  Old  Coppice 

Stafford.*hire,  South  ... 

., 

2.5,     G-30    

Carionhall 

Scotland,  East 

June 

2,     4-0       '..    .. 

Elled 

South  Western 

,j 

3,     9-30    

Walsall  Wood 

Staffordshire,  South  ... 

,, 

8,     8-0    p.m.... 

Holmes  (Oil-shale)    ... 

Scotland  East 

J. 

11.  10-0      ,.     ... 

Greenfield  (No.  7  Pit) 

Scotland,  West 

r? 

12,     9-30  a.m.... 

Carfin  (Xo.  3  I'it)      ... 

Do. 

i:-<,     4-10  p.m.  .. 

Hodgens          

South  Wales    .. 

'        >i 

19.     8-2Ua.m.... 

Shilbottle        

Newcastle-upon-Tyne 

2 

1        ., 

23,    12-30  p.m.... 

South  Rhondda 

South  Wales   ..      '     ... 

1 

J) 

26,     6-0    a.m.  .. 

Cawdor 

Do. 

27,     2-30    „     ... 

Swan  wick 

Midland           

July 

5.  10-50  a.m.... 

Fox  field 

Stafford.shire,  North  ... 

M 

H>.    2-30  p.m.... 

Primrose 

South  Wales    ... 

12.     2-0      ,.    ... 

Belhaven  (Meadowhead 
Pit) 

Scotland,  West 

)! 

13,     8-0    a.m.... 

Springhill  (Xo.  4  Pit) 

Do. 

)) 

19,    9-30    

West  Cannock 

Staffordshire,  South  ... 

)) 

20.10-0      „     ... 

DaiTan              

South  Wales 

)) 

21.    7-30    „     ... 
21.     8-45    „     ... 

Llest     

Glengarnock    (Xo.    6 
Pit)            

Do. 
Scotland.  West 

25.     7-0    p.m.  .. 

(!orrwg  Rhondda 

South  Wales 

„ 

26,     2-30  a.m.... 

Kibblesworth... 

Xewcastle-upon-Tyne 

:  Aug. 

3.     6-0    p.m.... 

Cornsilloch 

Scotland.  East 

1    » 

8,     2-0      .,     ... 

Capel  If  an 

South  Wales 

J? 

8,     4-0      „    ... 

Motherwell 

Scotland,  East 

)) 

12,     2-0     a.m.... 

Kilton 

Durham           

!> 

12,     8-0      „     .. 

Haughhead 

Scotland,  West 

13,     9-45  p.m.... 

Bogleshole  (No.  4  Pit) 

Do. 

,, 

14,     6-30  a.m.... 

Broxburn  (Oil-shale)    ' 

Scotland,  East 

I              !J 

18,     9-15  p.m... 

Asbton  Vale 

South  Western 

)) 

19,     8-0    a.m.... 

Bretby 

^lidland 

)! 

20,  10-0    p.m.... 

Pumpher5ton(0il-shale) 

Scotland,  East 

„ 

2'4,     6-30  a.m.... 

Forkneuk  (Oil-shale) 

Do. 

5) 

28,     5-30  p.m.... 
30,     8-30  a.m.... 

Tydraw 

Corby    Craigs     (No.  4 

South  Wales 

i'it)            Scotland,  West           ...' 

2 
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1899. 

Colliery. 

Mines-iDspection 
Districts. 

No.  of 
Persons 
Injured. 

Aug.     31,     7-0    a.m.... 

New    Hermand    (Oil- 

shale)         

Scotland.  East 

2 

Sept.      4,     -t-0    p.m.... 

Meiros  ... 

South  Wales   ... 

1 

6,     9--t5     „    ... 

Ou.-;tou  (E  Pit) 

Newcastle-upon-Tyne 

0 

7,     70    a.m.  . 

Dalmeny  (Oil-shale)... 

Scotland,  East 

4 

8,  11-0      

Wood  Farm     ... 

Staffordshire,  South  ... 

1 

„        15,  12-40  p.m.  .. 

Hi^hhouse  (No.  1  Pit) 

Scotland,  West 

2 

16,     6-0    a.m.... 

Blairhall          

Scotland,  East 

1 

18,     5-45    „    ... 

Murdostoun    ... 

Do 

1 

19,     3-30    ,.    ... 

Dalmeny  (Oil-shale)... 

Do 

1 

25,     6-0      ,;    ... 

Arniston 

Do 

1 

29,     9-0      „    ... 

Backwoith    (Algernon 

Pit)            

Newcastle-upon-Tyne 

2 

Oct.        3,     (rO      „    ... 

Clough    Foot    (Moun- 

tain-mine) 

Manchester     

1 

4,  11-3U    

Pumpherston    (Oil- 

shale) 

Scotland,  East 

1 

6,     5-30    „    .. 

Lumpsev 

Durham           

1 

„          7,     8-30  p.m.... 

Dockra(No.  1  Pit)     ... 

Scotland,  West 

1 

,,        12,  12-30  am.... 

AUanton 

Scotland,  East 

1 

„        20,     1-30  p.m.... 

Horseley          

Staffordshire,  South  ... 

1 

24,     6-0      .,     ... 

Tyrdderwen    ... 

South  Wales    ... 

1 

25,     7-30  a.m.... 

Knowle 

Staffordshire,  South  ... 

1 

26.     6-15  p.m.... 

Allanton          

Scotland,  East 

1 

Nov.       1.  11-0    a.m.... 

Gilbertfield  (No.  1  Pit) 

Scotland.  West 

1 

3,  11-20    „    ... 

Camp  (No.  1  Pit)       ... 

Do 

1 

„          3,  12-0  noon... 

Peel  (No.  3  Pit) 

Midland           

1 

,,         4,    6-0    a.m.... 

Kenmuirhill  (No.  2  Pit) 

Scotland,  West 

1 

.,        10,    8-.30    

Manor  ... 

Yorkshire 

2 

13,  8-0    ;;  ... 

Well  shot  (No.  1  Pit)... 

Scotland.  West 

1 

20,     0-30    

Kenmuirhill  (No.  2  Pit) 

Do.  ■ 

1 

20,     3-0      „    ... 

Barblues          

Scotland,  East 

1 

21,     5-0      

Drummuir  (No.  3  Pit) 

Scotland,  West 

1 

23,     5-30    „     ... 

Walsall  Wood... 

Staffordshire,  South  ... 

1 

23,    9-0      „    ... 

Point  of  Ayr 

Liverpool 

2 

„        23,     1-30  p.m.... 

Limefield  (Oil-shale) 

Scotland,  East 

1 

23.     3-45    „     ... 

Velinfran 

South  Wales 

1 

24,     7-20  a.m.... 

Foxfield           

Staffordshire,  North  .. 

2 

29,     0-45    .,    ... 

Glencraig         

Scotland,  East 

2 

30,  11-30    ,.     ... 

Saltwells 

Staffordshire,  South  ... 

2 

Dec.       2.     9-30    „    .. 

Blackwell  (A  Pit)      ... 

Midland           

1 

ll'.     4-30  p.m.... 

Bradley            

Staffordshire,  South  ... 

1 

13,     5-20  a.m.... 

Seafield  (Oil-shale)    ... 

Scotland,  East 

1 

13,  12-0  noon... 

Roman    Camp    (Oil- 

shale) 

Do. 

1 

13,     6-30  p.m... 

Birchrock        

South  Wales 

1 

14.     8-0    a.m.... 

Birchrock 

Do. 

1 

17.  10-15  p.m.... 

Dunnikier        

Scotland,  East 

1 

19,     1-45    „     ... 

Walkinshaw    (No.    2 

Pit)             

Scotland.  We-^t 

1 

„        19,     6-45  p.m.  .. 

Merthyr  Llantwit 

South  Wales   ... 

2 

26,     7-0    a.m.... 

Swalwell 

Newcastle-upon-Tyne 

1 

,,        28,     2-30  p.m.... 

Polbeth  (Oil-shale)    ... 

Scotland,  East 

4 

28,     8-5       „     ... 

Langley  Park... 

Durham           

1 

28,    9-30     „    ... 

Byers  Green    ... 

Do. 

1 

29,     6-45a.m.... 

Cramlington  (Wright- 

son  Pit)     

Newcastk-upon-Tyne 

2 

29,     7-30    ,,    ... 

Rosehall  (No.  7  Pit)  ... 

Scotland,  AVest 

Total        

1 

168 
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Table  IV. — Barometer,  Thermometer,  etc..  Readings,  1899. 

JANUARY,  1899. 


KEW. 

GLASGOW. 

Barometer. 

Tempera- 
ture. 

■3g 

Barometer. 

Tempera- 

TUI4E. 

i 

3 

4  A.M. 

10  a.m.   4  F.M. 

10  P.M. 

Max 

Min. 

4  A.M. 

10a.m. 

4  P.M.  10  p.m. 

Max 

Min. 

Q 

1 



S& 

" 

5-? 

1 

29-259 

29-261   29-036 

28-999 

42-2 

32-6 

wsw 

1 

29  1.52 

29-062 

28-848 

28-695 

38-1 

33-2 

ESE 

2 

28-932 

28-910 !  29045 

29-155 

41-9 

36-0 

w 

2 

28-562 

28-600 

28-884 

29-210 

39-5 

33-5 

S 

3 

29-454 

29-757   29-928 

29-942 

43-4 

39-8 

NNW 

3 

29-497 

29-665 

29-638 

29-525 

45  6 

34-9 

S 

4 

29-930 

29-997   29-989 

30-037 

52-1 

41-3 

sw 

4 

29-698 

29-652 

29-588 

29-757 

48-8 

39-4 

E 

5 

30-188 

30-301   30-361 

30-400 

49-2 

29-9 

w 

5 

29-901 

30-017 

30-149 

30-243 

421 

35-4 

WSW 

6 

30-339 

30-258   30-153 

30-043 

46-2 

28-8 

s 

6 

30-156 

29-858 

29-895 

29-927 

43-3 

34-1 

S 

7    29-894 

29-852   29-761 

29749   50-1 

43-2 

sw 

7 

29-S77 

29-797 

29-664   29-624 

38-1 

29-6 

£ 

8 

29-732 

29-753   29-773 

29-691    53-2 

45-3 

s 

8 

29-561 

29-558 

29-485   29-417 

47-4 

37-6 

E 

9 

29-605 

29-567   29-445 

29-375   51-9 

41-9 

s 

9 

29-329 

29-340 

29-221 

29-117 

49-8 

43-4 

S 

10 

29-305 

29-262   29-364 

29-375   50-7 

41-9 

ssw 

10 

29-000 

29-005 

29-047 

29  136 

45-0 

38-0 

SSW 

11 

29-453   29-553   29-.396 

-J9-660  I  44-0 

36-9 

s 

11 

29-167 

29-183 

29-177 

29-251 

40-4 

34-3 

s 

12 

29-607   29-310   29-167 

29-4.39   54-2 

38-2 

sw 

12 

29-150 

28-6.M9 

28-602   -29-175 

41-8 

33-4 

wsw 

13 

29-740   29-772   29-476 

29-7-38  1  54-8 

39-8 

B 

13 

29-402 

29-407 

29-373   29-443 

40-9 

35-2 

w 

14 

29-836   29-917   29970 

30-037   45-7 

36-0 

w 

14 

29-516 

^9-638 

29-680   29-691 

43  8 

37-2 

wsw 

15 

30-025   29-867   29-663 

29-645 

54-1 

35-9 

s 

15 

29-6f6 

29-587 

29-380   29-178 

42-9 

39-1 

E 

16 

29-510   29-471    29-341 

29-393 

531 

43-1 

sw 

J6 

29-052 

-28-952 

2S-007   29-395 

47-1 

32-5 

w 

17    29-692   30-003   30-OVi 

29-.S53 

43-5 

.34-3 

w 

17 

29-640 

29-793 

29-811 

29-717 

36-3 

31-9 

w 

18    29  777   29-829   29-/95 

29-762 

52-3 

41-5 

sw 

18 

29-54^ 

29-366 

29-192 

29-147 

50-5 

31-3 

NE 

19    29-653   29-594   29622 

-29-675 

53-1 

44-7 

sw 

19 

•29-107 

29-151 

29-198 

29-154 

50-4 

41-9 

WSW 

20    29722   29-737   29-637 

29-557 

51-5 

44-1 

ssw 

20 

29  105 

29-319 

29-256 

29-156 

44-8 

40-3 

wsw 

21    29-473   29-456   29-395 

29-326 

55-4 

50-6 

ssw 

21 

28-950 

28-922 

28-934 

28-914 

47-8 

40-1 

sw 

22    29-325   29-399    29  460 

29-547 

52-9 

44-6 

sw 

22 

28-840 

28-948 

29-161 

29-453 

46-7 

37-1 

ssw 

23    29-594   29-757   29-972 

30-160 

45-1 

380 

N 

23 

29-720 

29-919 

30-048    .30-211 

38  1 

32-1 

NW 

24    30-247   30-372   30-418 

30-502 

41-8 

32-9 

N 

24 

30-274 

30-370 

30-421    30-488 

34-0 

27-4 

E 

25    30-537   30-61S   30-624 

30-646   38-3 

30  1 

NE 

25 

30-521 

30-584 

30-580    30-631 

37-1 

25-6 

SSE 

26 

30-635  30-633   30570 

30-538  I  41-1 

31-6 

ENE 

26 

30-643 

30-665 

30-631    30-612 

37-1 

27-7 

SSE 

27 

30-452   30-432   30-364 

30-350 '  41-3 

32-9 

NE 

27 

30-560 

30-547 

30-460   30-439 

30-1 

22-1 

SSW 

28 

30-297   30-285   30-190 

30154   39-8 

31-3 

NNE 

28 

30-403 

30-390 

30-315   30  247 

32-1 

22-5 

WNW 

29 

30-078  30-C34   29-945 

29-9201  41-3 

37-3 

NNE 

29 

30-187 

30155 

30-099   30-0781 

39-4 

28-4 

WSW 

30 

29-887   29  901    29-869  ,  29-870  U3-0 

36-3 

,NE 

30 

30-045 

30-057 

29-982   29-946 

40-1 

33-3 

w 

31 

29-779   29-710   29h06  , -J9-559  !  38  9 

32  1 

NE 

31 

29-819 

29-719 

29-596   29-520 

38-2 

33-1 

NW 

PEBRTTARY,  1899. 


29-498 
29-417 
29-728 
29-977 
29-531 
29-760 
29-563  ' 

8  :  29-414 

9  I  29-389 

10  I  29-464 

11  I  29-614 

12  I  29-247 
29-340 
29-417 
29-690 
29-747 
30-007 
30-022 
30-103 
30-181 
30-244 
30-307 
30-251 
30-259 
30-282  ! 
30-341 
30-419 
30-630 


29-462 

29-417 

29-423 

40-1 

31-9 

W 

1 

29-497 

29-604 

29-501 

29-537 

39-5 

32-7 

NNE 

29-481 

29-539  29-6.50 

39-4 

29-1 

N 

2 

29-551 

29-616 

29-649 

29-724 

38-7 

30-9 

NNW 

29-833 

29-860  29  955 

.38-8 

26-0 

NNW 

3 

29-767 

29-808 

29-834 

29-873 

37-1 

31-3 

N 

29-962 

29-868  29-739 

oS-9 

23-0 

S 

4  :  29-851 

29-814 

29-692 

29-628 

35-3 

26-1 

ENE 

29-469 

29-651   29-776 

38-3 

35-3 

N 

5  ,29-549 

29-616 

29-708 

29-780 

37-0 

30-9 

E 

29-759 

29-689   29-625 

39-6 

35-8 

E 

6 

29-732 

29-718 

29-656 

29-567 

36-1 

30-4 

E 

■29-476 

29-475  29-488 

53-3 

37-7 

SSW 

7 

29-389 

29-251 

29-156 

29-170 

42-8 

31-3 

ENE 

29-459 

29-324  29-326 

53-1 

48-0 

S 

8 

29-088 

29-060 

28-964 

28-866 

47-9 

39-6 

SSW 

29-499 

29-416  29-432 

57-0 

48-0 

S 

9 

28-852 

29-099 

28-976 

28-821 

50-4 

37-9 

sw 

29-483 

29-514  29-606 

62-3 

50-3 

SSW 

10 

29-028 

29-056 

28-950 

29-04U 

50-3 

43-1 

ESE 

29-571 

29-3p1   29-278 

54-0 

48-6 

S 

11 

29-084 

29-164 

29-050 

28-856 

50-4  46-4 

SSW 

29-238 

29-325  29-409 

49-4 

43-8 

ssw 

12 

28-836 

28-865 

28-969 

29-006 

48-7  41-3 

WSW 

29-240 

29-198  29-288 

53-6 

42-0 

s 

13 

29-020 

28-S54 

28-701 

28-818 

48-1   38-8 

ESE 

29-569 

29-591   29-648 

51-2 

44-1 

ssw 

14 

2S-859 

29-055 

29-233 

29-330 

46-1   37-4 

PW 

29-816 

29-801   29  733 

51-4 

42-4 

ssw 

15 

29-399 

29-507 

29-602 

29-635 

45-6  .38-9 

sw 

29-910 

22-961   30-012 

49-4 

38-0 

wsw 

16 

29-620 

29-620 

29-623 

29-693 

46-5   36-3 

s 

30-013 

29-992   30  042 

55-3 

34-9 

s 

17 

29-715 

29-760 

29-825 

29-909 

49-C   44-0 

ssw 

30-042 

30-023   30  075 

49-0 

37-4 

SE 

18 

29-900 

29-898 

29-916 

29-983 

48-1   42-7 

NE 

30-165 

30-150   30-179 

52-3 

38-1 

SE 

19 

30-016 

30-120 

30-188 

30-268 

44-1   40-2 

E 

.30-186 

30-164  30-213 

46-9 

44-0 

E 

20 

30-294 

30-322 

30-276 

3(.-288 

42-8   31-9 

E 

.30-294 

30-277 

30-308 

45-3 

37-8 

E 

21 

30-260 

30-294 

30-272 

30-284 

49-1   39-3 

SE 

30-.S44 

30-302 

30  303 

48-8 

34-4 

E 

22 

30-272 

30  270 

30-202 

30-221 

44-2   32-3 

E 

30-259 

30-220 

30-263 

52-2 

33-2 

ESE 

23 

30-200 

30-157 

30-115 

30-163 

45-5 

30-4 

N 

30-285 

30-242 

30-282 

51-9 

26-0 

SE 

24 

30-188 

30-230 

30-209 

30-225 

43-6 

35-1 

NE 

30-325 

30-324 

30-347 

43-1 

30-6 

E 

25 

30-223 

30-261 

30-273 

30-297 

41-3 

33-3 

ENE 

30-357 

30-331 1  30-396 

42-4 

27-3 

E      t 

26 

30-303 

30-320 

30-3(11 

30-338 

36-5 

25-4 

NNE 

30-507 

30-520 ,  30-595 

31-7 

23-1 

ENE   1 

27 

30-363 

30-411 

30-412 

.30-445 

42-7 

26-1 

W 

30-681 

30-629 

30-634 

44-7 

21-9 

ENE    1 

28 

30-449 

30-448 

30-429 

30-442 

44-9 

35-3 

WSW 

130 
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KEW. 

GLASGOW. 

Baiiomktkh. 

Tempera- 

■sg 

,,                                      Tejipera- 

og 

'lUltE. 

i 

.                    TUKE. 

V  si 

1 

4  a.m. 

10  a.m. 

4  P.M. 

10  P.M. 

Max 

Min. 

2a 

1 

4  a.m. 

10  a.m. 

1 
4p.m.  10  P.M.Max 

Min. 

s  a 

1 

30-580 

53-7 

29-8 

5i 

fl 

44-4 

wsw 

30-618 

30-643 

30-570 

wsw 

1 

30-443 

30-472 

30-399 

30-332 

50-4 

2 

30-504 

30-480 

30-376 

30-360 

48-2 

31-1 

NW 

2 

30-250 

30-2-29 

30-218   30-161 

49-8 

45-3 

wsw 

3 

30-269 

30-189 

29-993 

29-921 

48-9 

29-6 

w 

3 

30-008 

29-892 

29-778 

29-760 

48-3 

41-0 

w 

4 

29-863 

29-853 

29-847 

29-991 

47-9 

31-8 

NW 

4 

29-789  1  29-907 

29-964 

30-075 

41-9 

34-1 

N 

1     5 

30-094 

30-213 

30-199 

30-218 

41-0 

29-3 

ENE 

5 

30-080   30-0,30 

29-978 

29-917 

43-4 

32  2 

sw 

6 

30-139 

30-059 

29-876 

29-763 

44-2 

26-5 

S 

6 

29-755   29-627 

29-505 

29-452 

43-9 

37-7 

sw 

7 

29-660 

29-686 

29-658 

29-698 

48-3 

25-3 

Sw 

7 

29-376  !  '29  385 

29-366 

29-38; 

47-1 

38-2 

sw 

8 

29-621 

29-578 

•29-397 

29- 194 

49-2 

34-9 

sw 

8 

29-353 

29-243 

29-038 

28-842 

43-6 

36-1 

sw 

9 

28-985 

29-093 

29-222 

29-472 

48-7 

35-9 

w 

9 

28-809 

-28-922 

29-115 

29-334 

42-3 

34-9 

WNW 

W 

29-633 

29-847 

29-981 

30-127 

52-3 

33-3 

sw 

10 

29-523 

29-660 

29-675 

29-786 

49-1 

36  3 

wsw 

11 

30-206 

30-293 

30-290 

30-325 

53-1 

3B-0 

wsw 

11 

29-863 

29-935 

29-962 

29-963 

50-1 

47-9 

wsw 

12 

30-356 

30-440 

30-465 

30-530 

56-1 

42-3 

N 

12 

30-143 

30-335 

30-385 

30-i21 

50-5 

43^1 

NW 

13 

30  543 

30-576 

30-496 

30-523 

521 

34-7 

E 

13 

30-402 

30-396 

30-381 

30-412 

60-3 

40-8 

wsw 

U 

30-516 

30-5 J4 

30-448 

30-451 

43-1 

31-2 

E 

14 

30-404 

30-422 

30-380 

30-385 

50-1 

45-3 

WNW 

15 

30-441 

30-447 

30-364 

30-398 

50-9 

29-2 

E 

15 

30-364 

30-396 

30-339 

30-356 

49-9 

43-8 

W 

16 

30-392 

30-439 

30-403 

30-421 

44-1 

29-8 

E 

16 

30-358 

30-403 

30-347 

30-365 

52-3 

35-2 

NW 

17 

30-398 

30-387 

30-269 

30-174 

43-2 

32-4 

E 

17 

30-315 

30-287 

30-177 

30-161 

58-4 

32-1 

W 

18 

30-056 

30-126 

30-116 

30-165 

45-0 

29-7 

NE 

18 

30-253 

30-297 

30-277 

30-285 

47-3 

35-1 

ENE 

19 

30-126 

30-085 

29-942 

29-853 

40-7 

29-2 

JN 

19 

30-228 

30-093 

29-942 

29-938 

41-9 

29-0 

NW 

20 

29-795 

29-761 

29-738 

29-824 

40-1 

27-3 

NNW 

20 

29-867 

29-864 

29-8-29 

29-826 

38-1 

28-2 

NE 

21 

29-8-20 

29-776 

29-633 

•29-634 

36-8 

22-5 

ssw 

21 

29-743 

29-705 

29-678 

29-710 

38-3 

27-3 

NNE 

22 

29-641 

29-672 

29-642 

29-728 

40-2 

23-9 

NW" 

22 

29-712 

29-734 

29-726 

29-793 

35-9 

26-3 

N      1 

23 

29-732 

29-755 

29-774 

29-912 

37-3 

24-1 

NW 

23 

29-842  1  29-901 

29-892 

29-975 

39-1 

25-9 

JN 

24 

29-931 

30-014 

30-084 

3J-197 

41-3 

24-7 

N 

24 

29-982  1  29-992 

29-981 

30-010   39-6 

241 

WNW 

25 

30-226 

30-215 

30-121 

■30-026 

45-4 

24-4 

SW 

25 

29-944129-811 

29-636 

29-658   35-9 

31-6 

E    ! 

26 

29-957 

30-029 

30-023 

30-U65 

53-8 

41-1 

w 

26 

29-738  1  29-S14 

29-834 

29-824   37-1 

33-9 

E   ; 

27 

30-010 

29-959 

29-902 

29-987 

55-1 

34-8 

sw 

27 

29-672 

29-590 

29-602 

29-554   52-4 

35^4 

w 

28 

30-013 

30-00  i 

29-913 

29-818 

54-9 

44^2 

sw 

28 

29-552 

29-512 

29-291 

29-078   49-8 

41  ■) 

ssw 

29 

29-801 

29-917 

30-026 

30-130 

57-9 

46-0 

w 

29 

29-209 

29-513 

29-732 

29-833   51-6 

45^6 

w 

30 

30-164 

30-226 

30-228 

30-282 

57-7 

44-2 

WNW 

30 

29-930 

30-157 

30-216 

.30-217    47-1 

41^3 

ESE 

31 

30-233 

30-141 

30-070 

30-104 

59-8 

43-7 

wsw 

31 

30-097 

29-980 

29-927   29-900   422 

34-0 

ENE 

APRIL,  1899. 


'  1 

30-093 

30-111 

30-053 

30-083 

2 

30-076 

30-096 

30-042 

30-032 

3 

30-021 

30-079 

30-044 

30-131 

4 

30-141 

30-114 

29-987 

30-U32 

5 

30-109 

30-204 

30-151 

30^048 

6 

30-004 

30-076 

29-922 

29^650 

7 

29-365 

30-139 

29-291 

29-546 

8 

29-601 

-29-551 

29-590 

29-785 

9 

29-871 

29-917 

29^830 

29-688 

10 

29-581 

29-585 

29-552 

29-624 

11 

29-824 

29-712 

29-766 

29-863 

12 

29-819 

29-800 

29-677 

29-55/ 

13 

29-308 

29-136   28-882 

28-873 

14 

28-864 

28-958 

29-030 

29-124 

15 

29-175 

29-248 

29-284 

29-402 

16 

29-478 

29-608 

•29-688 

29-804 

17 

29-850   29-928 

29-899 

29-966 

18 

29-978 

30-051 

30051 

30-131 

19 

30-139 

30-167 

30-100 

30'116 

20 

30-111 

30-102 

30-023 

30-020 

21 

29-950 

29-898 

29-831 

29-947 

22 

30-081 

30-209 

30-247 

30-289 

23 

30-269 

30-238 

30-139 

30-052 

24 

29-906 

29-800 

29-635 

29-541 

25 

29-497 

29-487 

29-496 

29-418 

26 

29-369 

■29-572 

29-687 

29-790 

27 

29-857 

29-929 

29-896 

29-915 

28 

29-868 

29-859 

29-802 

29-784 

29 

-29-699 

29-653 

29-602 

29-694 

30 

29-885 

30-092 

30-174 

30-24:3 

63-8 

48-4 

SSW 

1 

29-861 

29-845 

29-853 

29-898 

51-6 

41-8 

W 

56-8 

48-0 

sw 

2 

29-924 

29-937 

29-892 

29-890 

50-3 

45-1 

s 

60-5 

46-1 

W 

3 

29-823 

29-810 

29-862 

29-892 

52-9 

44-2 

wsw 

55-2 

45-7 

sw 

4 

29-743 

29-609 

29-574 

29-545 

52-9 

45-1 

w 

58-6 

42-8 

WSW 

5 

29-659 

29-791 

29-667 

29-738 

48-2 

39-8 

wsw 

58^2 

48-4 

sw 

6 

29-806 

29-825 

29-615 

29-201 

48-4 

38-1 

wsw 

52^1 

44-6 

w 

7 

29-021 

'29-171 

29-484 

29-524 

45-9 

39-3 

N 

47-2 

39-2 

NW 

8 

29-435 

29-513 

29-623 

29-759 

47-3 

34-4 

WNW 

52-0 

35-1 

w 

9 

29-762 

29-717 

29-591 

29-502 

46-3 

37-2 

wsw 

59-3 

42-1 

w 

10 

29-415 

29-519 

29-533 

29-634 

47-7 

37-1 

NNE 

47-3 

35-6 

NNW 

11 

29-690 

29-778 

29-771 

29-797 

46-3 

35-0 

NNW 

52-0 

33-3 

SW 

12 

29-715 

29^596 

29-405 

29-235 

46-4 

32-2 

SW 

50-9 

38-6 

s 

13 

29-063 

28-977 

28-953 

29051 

4-)-l 

38-9 

ESE 

48-2 

41-5 

w 

14 

29-129 

29-239 

29-305 

29-381 

45-5 

40-1 

E 

51-6 

41-0 

wsw 

15 

29-400 

29-434 

29-479 

29-581 

45-3 

38-9 

NE 

471 

39-4 

NNW 

16 

29-633 

29-713 

29-744 

29-791 

47-1 

33-3 

NE 

62-1 

34-0 

SW 

17 

29-778 

29-808 

29-805 

29-877 

46-1 

30-2 

NW 

51-3 

32-2 

N 

18 

29-904 

29-937 

29-878 

29-793 

46-1 

31-2 

WSW 

58-0 

32-7 

W 

19 

29-753 

29-833 

29-902 

29-962 

45-7 

39-9 

WSW 

58-2 

36-0 

WSW 

20 

29-974 

29-991 

29-996 

30-019 

47-2 

38-6 

NE 

47-4 

40-4 

SK 

21 

29-972 

29-930 

29-929 

30-058 

50-2 

32-1 

NNW 

48-2 

35-0 

N 

22 

30-112 

30-158 

30-148 

30-143 

45-6 

34-4 

WNW 

52-7 

41-8 

g 

23 

30-076 

29-994 

29-862 

29-690 

50-2 

40-3 

S 

53-0 

46-9 

S 

24 

•29-610 

29-550 

29-431 

29-360 

57-4 

43-1 

SW 

55-4 

44-1 

w 

25 

29-276 

29-316 

29 -288 

29-358 

53-2 

42-1 

WSW 

544 

44-0 

NW 

26 

•29-448 

29-566 

29-(iS4 

29-789 

59-9 

44-5 

NNE 

61-8 

42-6 

WNW 

27 

29-811 

29-806 

29- 789 

29-709 

59-2 

43-4 

SW 

60-8 

47-9 

SW 

28 

29-645 

29-608 

29- -.58 

29-517 

56-2 

48-2 

ssw 

59-2 

50-7 

sw 

29 

29-430 

29-479 

29-653 

29-846 

51-4 

38-3 

EXE 

52-3 

39-0 

X 

30 

29-978 

30-084 

30099 

30-108 

50-0 

33-4 

E 

BAKOllETER,    TIIEllMOMETER,    ETC.,    HEADINGS,    1899. 
MAY,  1899. 
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KEW. 

GLASGOW. 

Barometer. 

Tempeea- 

z  o 

Barometer. 

Tempera- 

o o 

TUKE. 

5  = 

ture. 

§3 

6 

4a.m. 

10  a.m. 

4  P.M. 

10  P.M. 

Max  Min. 

■"  a 

6 

4  a.m. 

10  a.m. 

4  P.M. 

10  p.m. 

Max 

Min. 

II 

ft 
1 

30-216 



30  166 

30-037 

29-931 

1 
55-2  :  38-8 

ft'S 
S 

ft 

29-786 

44-3 

3i-7 

ft'? 

E 

1 

30-023 

29-870 

29-805 

2 

29-862 

29-865 

29-864 

29-»87 

60-2^47-1 

N 

2 

29-850 

29-903 

29-955 

3J-028 

48-1 

41-3 

E 

3 

29-909 

30-012 

3U047 

30-156 

53-1   38-9 

NE 

3 

30-064 

30-130 

30-162 

30-250 

50-9 

37-7 

E 

4 

30-180 

30-238 

30-246 

30-331 

51-6    34-8 

NNE 

4 

30-270 

30-312 

30-330 

30-374 

49-7 

34-4 

ESE 

5 

30-341 

3J-385 

30-3  i7 

30-397 

54-0   35-0 

.\ 

5 

30-3a5 

30-425 

30-400 

30-471 

52-9 

34-2 

E 

6 

30-401 

30-390 

30-335 

30-367 

56-1   36-1 

ENE 

6 

30-4&t 

30-481 

30-437 

30-453 

55-9 

36-3 

E 

7 

30-351 

30-305 

30-218 

30-205 

60-6   3S-0 

NE 

7 

30-455 

30-434 

30-350 

30-3i3 

58-4 

37-4 

E 

8 

30-135 

30-066 

29-937 

29-914 

61-i   42-9 

NE 

8 

30-315 

30-245 

30-323 

30-114 

61-1 

39-0 

NE 

9 

29-853 

29-831 

29-811 

29-852 

61-3   44-3 

SW 

9 

30-044 

30013 

29-934 

29-955 

57-1 

42-2 

E 

10 

29-860 

29-882 

29-848 

29-892 

62-1    41-3 

w 

10 

29-905 

29-891 

29-885 

29  913 

57-1 

42-3 

E 

11 

29-879 

29-902 

29  84i 

29-897 

66-3   40-5 

NW 

11 

29-907 

29-926 

29-927 

29-b79 

60-5 

46-3 

E 

12 

29-905 

29-918 

29-.S63 

29-878 

63-2 

47-8 

S 

12 

29-971 

29-980 

29-921 

29-909 

54-2 

45-1 

E 

13 

•29-819 

29-8j0 

29-721  i  29-712 

61-7 

46-7 

S 

13 

29-819 

29-762 

29-661 

29-585 

47-5 

42-6 

E 

14 

29-6i2 

29-574 

29-497 

29-474 

61-5 

49-2 

SW 

14 

29-481 

29-441 

29-402 

29-408 

53-6 

41-1 

SW 

15 

29-377 

29  376 

29-399 

29-467 

60-6 

48-2 

ssw 

15 

29-356 

'29-314 

29-253 

29-218 

53-9 

40-1 

E 

16 

29-4y2 

29-610 

L'9-719 

29-8U8 

59-7 

48-2 

WSW 

16 

29-210 

29-257 

29-291 

29-329 

54-3 

43-1 

WSW 

17 

29-651 

29-808 

29-S87 

29-937 

60-3 

49-1 

SW 

17 

29-310 

29-3S5 

29-507 

29-597 

52-6 

44-9 

WSW 

18 

29-901 

29-875 

^9-779 

•29-870 

68-6 

50-1 

s 

18 

29-613 

29-527 

29-.331 

29-598 

50-3 

43-7 

E 

19 

29-979 

30-004 

29-901 

29-755 

62-7 

47-4 

ssw 

19 

29-710 

29-747 

29-622 

'29-459 

53-4 

43-1 

WSW 

20 

29-ti98 

29-680 

29-743 

29-844 

62-1 

53-8 

WSW 

20 

29-406 

29-514 

29-675 

29-833 

52-4 

46-3 

E 

21 

29-870 

29-921 

29-950 

29-942 

59-8 

50-0 

N 

21 

29-891 

29*952 

29-969 

30-001 

49-3 

42-2 

E 

22 

29-912 

29-976 

'29-983 

29-997 

56-1 

46-9 

E 

22 

29-995 

29-989 

29-969 

29-943 

46-0 

39-2 

E 

23 

29  976 

29-965 

29-867 

29-837 

63-3 

45-5 

SW 

23 

29-873 

29-839 

29-737 

29-712 

50-9 

39-1 

ENE 

24 

29-742 

29-662 

29-569 

29-597 

61-1 

51-0 

SW 

24 

29-663 

29-721 

29-788 

29-890 

45-7 

42-1 

E 

25 

29-687 

29-867 

29-954 

30-034 

51-7 

40-7 

N 

25 

29-948 

30-004 

30-037 

30-084 

48-1 

39-8 

E 

26 

30-053 

30-098 

30-117 

30-181 

50-1 

37-1 

.\ 

26 

30-104 

30-132 

30-145 

30-208 

52-3 

41-1 

WSW 

27 

30-223 

30-285 

30-311 

30-387 

52-3 

36-3 

N 

27 

30-264 

30-304 

30-310 

30-381 

58-9 

39-4 

WNW 

28 

30-419 

30-446 

30-424 

30-436 

58-7 

37-7 

NE 

28 

30-414 

30-428 

30-393 

30-392 

62-9 

38-0 

NW 

29 

30-423 

30-408 

30-349 

30-365 

62-2 

38-2 

N 

29 

30-380 

30-350 

30-299 

30-274 

64-4 

42-9 

NW 

30 

30-362 

.30-378 

30-308 

30-341 

68-6 

38-0 

S 

30 

30-236 

30-214 

30-187 

30-198 

63  2 

47-9 

WSW 

31 

30-336 

30-333 

30-273 

30-277 

71-3 

41-9 

E 

31 

30-197 

30-213 

30193 

30-187 

68-1 

48-5 

w 

JUNE,  1899. 


30-251 
30'073 
30-158 
30-180 
30-217 
30-246 
30-267 
30-370 
30-377 
30-306 
30-237 
30-175 
30-021 
30-054 
30-084 
30-047 
30017 
29-866 
29-649 
29-362 
29-424 
29-617 
29-751 
29-980 
30-125 
30-157 
.30-269 
30-120 
29-760 
29-927 


30-212 
30-072 
30-179 
30-194 
30-246 
30-263 
30-272 
30-406 
30-385 
30-300 
30-244 
30-135 
30-098 
30-066 
30-110 
30-051 
30-007 
29-792 
29-646 
29-359 
29-512 
29-630 
-29-832 
30-020 
30-166 
30-194 
30-281 
-29-996 
29-800 
29-945 


30-129 

30-111 

30-(i.58 

30-126 

30-125 

30-163 

30-158 

30-215 

30-212 

30-:i4.5 

30-201 

30-254 

30-248 

30-350 

30-350 

30-38+ 

30-331 

30-321 

30-233 

30-251 

30-208 

30-1941 

30-040 

30-027 

30-085 

30-0s3 

30-041 

30-076 

30-067 

30-068 

29-991 

30-031 

29-927 

29-925 ' 

29-725 

29-689 

29-555 

29-475 

29-355 

29-389 

29-566 

29-624 

'29-663 

29-745 

29-881 

29-959 

30027 

30-119 

30-149 

30-152 

30-178 

30-244 

30-248 

30-212 

29-848 

29-782 

29-799 

29-891 

29-872 

29-718 , 

76-0 
78-6 
74-0 
79-3 
80-6 
77-9 
75-0 
61-3 
62-3 
66-6 
64-4 
75-1 
58-3 
.58-5 
70-1 
73-9 
74-7 
70-0 
67-3 
70-7 
72-0 
60-6 
64-7 
69-2 
65-3 
79-1 
69-0 
77-4 
72-0 
69-6 


46-7 

S 

54-6 

SW 

50-9 

N 

52-3 

SW 

52-2 

w 

53-3 

S 

52-4 

E 

49-7 

N 

48-5 

NNE 

50-5 

NNE 

478 

ESE 

46-8 

NNW 

48-3 

NNE 

42-6 

NNE 

42-6 

N 

44-6 

.NNE 

46-6 

ESE 

48-5 

SW 

51-4 

N 

55-6 

SSW 

55-3 

S 

55-6 

N       1 

54-8 

N       1 

53-0 

NW 

51-4 

WNW 

59-1 

WNW 

55-1 

B       1 

53-1 

SE 

56-6 

W 

50-8 

W 

1  30-167  j 

2  29-8671 

3  30-089 i 

4  ■  30-087  I 

5  30-160 

6  30-240] 

7  30-304 

8  30-438' 

9  30-400 

10  30-301 

11  30-189 

12  30-163 

13  30-118: 

14  30-0711 

15  30-046' 

16  30-061  ; 

17  30-003 

18  29-681  I 

19  29-531 

20  !  29-479 

21  29-471 

22  29-709 
23 '29-840 

24  29-966 

25  30-051 

26  30-017 

27  30-232 

28  29-997 

29  I  29-689 

30  29-813 


30-127 
29-878 
30-091 
30-114 
30-201 
30  253 
30-319 
30-452 
30-368 
3'J-241 
30-188 
iO-109 
30-151 
30-045 
30-046 
30-048 
29-950 
29-615 
29-519 
29-452 
29-547 
29-751 
29-869 
29-990 
30-037 
30-080 
30-231 
29-881 
29-723 
29-784 


30-034 
30-010 
30-072 
30-123 
30-217 
30-246 
30-332 
30-402 
30-303 
30-197 
30-166 
30-037 
30-102 
30-016 
30-022 
30-031 
29-835 
•29-583 
29-499 
29-420 
29-588 
29-782 
29-899 
30-030 
30-022 
30-153 
30-167 
29-749 
29-762 
29-673 


29-964  72-2 

30-091  65-1 

30-070  59-3 

'30-169  67-1 

'30-248  65-5 

30267  72-1 

30-412  70-5 

30-414  67-7 

30-329  75-9 

30-213  76-0 

30-185  74-9 

30-075  77-6 

3J-094  70-3 

30-038  76-1 

30-052  75-4 

30-037  73-8 

29-763  71-4 

29-580  63-3 

29-515  60-4 

29-423  57-1 

29-677  61-4 

29-828  60-5 

29-937  58-9 

30-067  61-8 

30-024  59-8 

30-204  65-5 

30-097  62  5 

29-678  59-5 

29-820  62-3 

29-542  I  61-2 


47-9 

SSW 

49-1 

WSW 

44-7 

SW 

52-8 

W 

55-0 

w 

51-1 

WNW, 

51-9 

E 

50-4 

E 

48-3 

W 

49-1 

WNW 

55-5 

W 

50-1 

NW 

54-1 

E 

47-1 

NE 

48-4 

E 

51-4 

W 

52-3 

NNW 

52-2 

S 

49-6 

w 

47-9 

E 

54-5 

E 

55-2 

E 

52-9 

WSE 

51-9 

NW 

49-2 

WSW 

55-4 

WNW 

46-4 

SE 

54-9 

SE 

52-4 

WNW 

46-9 

WSW 

132 


BAROMETER,    THERMOMETER,    ETC.,    READINGS,   1899. 
JULY,  1899. 


KEW. 

GLASGOW. 

Barometer. 

Tempera- 

TUKE. 

21 

Barometer. 

Tempera- 
ture. 

II 
II 

J 

4  a.m. 

10  a.m. 

4p.m. 

10  p.m. 

Max 

Min. 

6 

4  a.m. 

IOa.m 

4  p.m. 

10  p.m. 

Max 

Min- 

0 

o'S 

0 

'S'$ 

1 

29'553 

29-488 

29-505 

29-546 

65-6 

54-8 

wsw 

1 

29-424 

29-3S9 

29-364 

29-359 

57-1 

50-5 

ENE 

2 

29-53> 

29-564 

29-640 

29-701 

62-5 

52-8 

\v 

2 

29-346 

29-407 

29-514 

29-649 

59-5 

52-1 

KW 

3 

29751 

29-856 

29-897 

29-979 

63- 1 

54-3 

NW 

3 

29-741 

29-S24 

29-919 

30-011 

65-5 

52-9 

NW 

4 

30-006 

30-057 

30-074 

30-140 

66-6 

54-8 

NW 

4 

30-036 

30-063 

30-067 

30-105 

67-0 

49-1 

W      1 

5 

30-172 

30-209 

30-183 

30-200 

74-0 

50-4 

NW 

5 

30-112 

30-134 

30-126 

30-155 

72-0 

52-9 

WSW  , 

6 

30-19:i 

30-207 

30-181 

30-217 

76-3 

57-3 

NNW 

6 

30-164 

30-164 

30-154 

30-170 

71-3 

53-6 

wsw 

7 

30-21S 

30-2-24 

30-185 

30-195 

79-0 

58-0 

WNW 

7 

30-151 

30-154 

30-126 

30-121 

69-1 

58-9 

wsw 

8 

30-175 

30-175 

30-127 

30-120 

76-8 

60-0 

i\W 

8 

30-075 

30-078 

30-056 

30-030 

64-6 

55-8 

WNWl 

9 

3i»-117 

30-107 

30-046 

30-053 

78-1 

57-2 

w 

9 

29-926 

29-857 

29-814 

29-790 

65-7 

53-4 

sw 

10 

30-036 

30-038 

29-995 

30-003 

74-8 

60-0 

sw 

10 

29-826 

29-847 

29-838 

29-846 

66-4 

52-6 

w 

11 

29-953 

29-903 

29-834 

29-811 

82-8 

60-7 

ssw 

11 

29-836 

29-818 

29-793 

29-788 

58-2 

52-4 

NNE  1 

12 

-29-749 

29-743 

29-770 

29-842 

77-0 

60-6 

sw 

12 

29-757 

29-738 

29-701 

29-738 

59-8 

53-4 

E 

13 

29-8611 

29-949 

29-976 

30-059 

73-2 

55-9 

w 

13 

29-774 

29-820 

29-818 

29-833 

66-3 

53-5 

WSW  1 

14 

30-058 

30-077 

30-081 

30-100 

71-9 

51-7 

ssw 

14 

29-814 

29-868 

29-902 

29-929 

68-4 

571 

ssw  ' 

15 

30-111 

30-157 

30-146 

30-181 

71-1 

58-9 

wsw 

15 

29-929 

29-987 

30-015 

30-048 

64-0 

55-4 

sw 

16 

30-167 

30-182 

30-140 

30-143 

74-8 

56-2 

NNE 

16 

30-055 

30-078 

30-077 

30-092 

69-3 

55-3 

sw 

17 

30-128 

30-105 

.30-039 

30-079 

77-9 

53-1 

S 

17 

30-072 

30-064 

30-010 

30-015 

69-8 

56-1 

wsw 

18 

30-066 

30-066 

30-021 

30-027 

80-8 

55-3 

S 

18 

29-987 

29-983 

29-942 

29-920 

69-8 

56-2 

wsw 

19 

29-98;J 

-29-955 

29-892 

29-902 

84-3 

61-2 

ShW 

19 

29-870 

29-874 

29-885 

29-956 

68-0 

55-2 

WNW 

20 

29-918 

29-924 

29-890 

29-929 

85-0 

60-0 

SSW 

20 

30-038 

30-091 

30-086 

30-101 

63-1 

54-3 

E 

21 

29-921 

29-986 

29-963   30-012 

86-4 

62-2 

w . 

21 

30-062 

30-065 

30-052 

30-075 

63-2 

54-1 

E 

22 

29-978 

29-951 

29-878 

29-862 

81-3 

63-2 

NE 

22 

.30-053 

30057 

.30-007 

29-978 

65-4 

56-8 

E 

23 

:i9-802 

29-796 

29-774 

29-812 

68-6 

58-9 

N 

23 

29-908 

29-895 

29-872 

29-885 

61-4 

56-9 

E 

24 

29-832 

29  923 

29-971 

30-078 

71-6 

58-7 

N 

24 

29-884 

29-939 

29-979 

30-012 

64-1 

52-8 

WNW 

25 

30-113 

30-158 

30-143 

30-184 

77-8 

55-0 

W 

25, 

29-9.=.7 

29-923 

29-884 

29-775 

62-6 

53-4 

wsw 

26 

30-166 

30-177 

:30-158 

30197 

77-9 

60-0 

WNW 

26 

29-789 

•29-979 

30-057 

30-092 

62-9 

52-5 

WNW 

27 
28 

30-241 

.iO-294 

30-302 

30-339 

69-9 

58-2 

N 

27 

30-091 

30-179 

30-221 

:iO-23l 

61-9 

52-0 

W 

30-339 

.30-326 

30-270 

30-273 

73-7 

50-7 

N 

28 

30-196 

30-197 

30-162 

30-115 

61-6 

53-9 

W 

29 

30-241 

30-203 

30-151   30-189 

79-2 

53-4 

NW 

29 

30-047 

30-051 

30-082 

30-130 

64-1 

56-0 

WNVV 

30 

30-200 

30-233 

30-236   30-332 

80-3 

60-0 

N 

30 

30-151 

30-237 

30-279 

30-333 

70-4 

53-3 

NW 

31 

30-375 

30-422 

30-413   30-435 

76  3 

56-1 

E 

31 

30-354 

30-378 

30-355 

30-347 

75-1 

52-6 

W 

AUGUST,  1899. 


1 

30-408 

30-392 

2 

30-198 

30-144 

3 

29-992 

29-972 

4 

29-924 

29-926 

5 

29-942 

29-919 

6 

29-9*7 

29-962 

7  29-951 

8  29-961 

9  30-020 

10  30-140 

11  3'J-233 

12  30-242 

13  30-235 

14  30170 

15  30-030 

16  30-016 

17  .30-065 

18  30-119 

19  30-161 

20  30-190 

21  .30-2-.6 

22  30-284 

23  30-245 

24  30-118 

25  29  992 

26  30-074 

27  29-831 

28  29-787 

29  29-888 

30  29-760 

31  29-878 


29-971 
29-972 
30-057 
.30-169 
30-265 
30-244 
30-232 
.30-157 
29-990 
30-105 
30-126 
30-158 
30-184 
30-220 
30-300 
30-300 
30-232 
30-099 
29-972 
30-076 
2ir769 
2'J«10 
29->!».-< 
29-7B9 
29-874 


30-298 
30-066 
29-936 
29-912 
29-911 
29-943 
•29-960 
29-952 
30-036 
30-148 
30-220 
.30-208 
30-166 
30-078 
29-909 
30-051 
30-104 
.-30-146 
30-168 
30-206 
.30-252 
30-241 
.30-1.59 
30-024 
29-958 
29-973 
29-771 
29-816 
29-860 
ti)-776 
29-779 


30-281 

30-053 

29-967 

29-957 

29-9-23 

29-958 

29-986 

30-025 

30-128 

30-214 

30-246 

30-233 

30-192 

30-091 

29-972 

30-072 

30-138 

30-157 

30-188 

30-258 

30-2a5 

30-2.58 

.30-163 

30-028 

30-043 

29-946 

29-798 

29-870 

29-827  I 

29-868 

29-710 


80-1 

54-3 

SE 

77-2 

52-1 

E 

79-2 

61-7 

E 

77-1 

61-5 

E 

80-0 

60-0 

E 

74-2 

62-8 

E 

71-0 

60-9 

ESE 

71-4 

56-3 

NE 

76-0 

54-8 

N 

75-0 

.53-4 

ENE 

74-0 

51-1 

ENE 

74-4 

51-9 

ENE 

741 

53-7 

E 

75-8 

56-9 

SE 

86-0 

60-7 

W 

75-6 

59-8 

N 

73-1 

56-0 

NW 

70-2 

56-3 

N 

73-6 

61-3 

NW 

74-1 

57-0 

NE 

72-4 

50-8 

NE 

75-1 

48-2 

E 

78-9 

52-8 

SE 

85-4 

60-0 

SSE 

86-1 

58-9 

S 

80-7 

56-3 

N 

78-3 

61-2 

W 

70-7 

56-1 

SW 

67-6 

51-0 

sw 

72-1 

58-0 

wsw 

« 

' 

* 

1  !  30-310 

2  .30-175 

3  30-108 

4  30-019 

5  I  30-033 

6  !  30-021 

7  30-012 

8  30113 

9  30-144 

10  130-174 

11  30-240 

12  30-232 

13  30-242 

14  i  30-152 

15  I  29-907 

16  '  29-982 

17  ;  29-893 

18  30-033 

19  30-110 

20  I  30-155 

21  :  .30-213 

22  30-218 

23  30-190 

24  30-032 

25  29-889 

26  29-976 

27  29-728 

28  29-678 

29  29-706 

30  29-514 

31  29-637 


30-277 
30-157 
30-080 
30-026 
30-049 
30-014 
.30-058 
30-114 
30-172 
30-191 
30-262 
30-232 
30-245 
30-120 
29-876 
29-971 
29-960 
30-059 
30-1-22 
30-195 
30-238 
30-231 
30-170 
29-982 
29-849 
•30-015 
29-683 
29-686 
29-688 
29-525 
29-635 


30-219 

30-212 

30-094 

30-146 

30-038 

30-036 

29-998 

30-036 

30-025 

30-038 

3O-O07 

30-014 

30-063 

30-120 

30-103 

30-135 

301+9 

30-168 

30-173 

30-210 

30".'o3 

30-235 

:i0-ls7 

30-230 

301S4 

30-175  ; 

30-014 

29-978 

29-8.vi 

■29-944 

29-779 

•29-834 

29-9113 

30-024  1 

30-0ii7 

30-097 

30-143 

30-165  i 

30-l!i7 

.30-214 

30-215 

30-228  i 

30-103 

30-193 

30-0f»4 

30-085 

29-807 

'29-897  , 

29-7S8 

29-897  i 

29-9:12 

'29-852 

29-6i;o 

-29-684 ; 

29-072 

29-723  i 

29-023 

-29-548 

29-.WS 

29-641 

29-5S9 

'29-561 

76-3  54-4 
76-8  1  56-2 
64-3  I  56-2 
67-4  i  50-7 
64-2  ;  55-7 
59-7  I  5  (■-4 
58-3  I  51-0 
62-3  !  50-2 
63-6  52-1 
70-1  46-0 
73-6   50-9 


74-6 
72-4 
74-6 
66-3 
61-1 
6O-7 
63-1 
67-3 
73-0 
74-9 
74-9 
79-4 
80-1 


52-0 
56-2 
54-1 
55-0 
50-3 
53-4 
50-9 
52-4 
59-4 
60-1 
53-3 
51-8 
57-1 


73-2  59-2 

73-2  55-3 

66-1  56-6 

68-2  53-3 

62-3  50-1 

61-0  55-7 

62-9  ,  52-9 


WSW 
WNW 

E 

E 

E 

E 

E 

E 

E 
SW 

w 
w 

NE 

ENE 
WSW 
WSW 
WNW 

W 

W 

W 
WSW 
WNW 

E 

S 

E 

W 

SE 

WNW 

S 

W 
WSW 


•  No  observation. 
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KEW.                                        j 

GLASGOW. 

BX.OMET.B.                           hx^f-- 

Barometer. 

Tempera- 
ture. 

H 
II 
.11 

i 

4a.h. 

10  a.m.  4  p.m. 

10  p.m. 

Max 

Mill. 

s    4a.m. 

10  A.M. 

4  p.m.  10  p.m. 

Max 

Min. 

P 

29-730 

29-713 

29-725   71-3 

55-4 

Si 

« 

29-540 

29-573 

64-6 

(5? 

1    29-678 

w 

1 

29-564   29-557 

51-2 

WNW 

2    29-689 

29-726 

29-745 

29-829  !  69- 1 

51-8 

w 

2    29-523 

29-571 

29-597   29-692 

63-4 

53-2! 

W 

3    29-935 

30-026 

30035 

30-102  ,  73-2 

48-2 

w 

3    29-7^8 

29-793 

■29-831 

29-888 

61-4 

51-3 

wsw 

4    30-074 

30-060 

29-969 

29-955    78-3 

49-2 

ssw 

4    29-857 

29-841 

29-745 

29-709 

67-8 

57-2 

SW 

5    29-8S9 

29-891 

29-852 

29-920   84-2 

.56-8 

sw 

5 

29-661 

29-785 

29-819 

29-873 

64-1 

53-2 

NW 

6  ,29-916 

29  926 

29-873 

29-916    72-7 

60-3 

w 

6 

29-885 

29-913 

29-899 

29-935 

63-1 

48-3 

NNW 

7    29-913 

•29-941 

29-888 

29-902    73-0 

60-0 

E 

7 

29-925 

29-899 

29-858 

29-852 

64-3 

52-4 

W 

8    29-893 

29-950 

29-974 

30-087    74-0 

59-9 

NW 

8 

29-914 

30-002 

30-036 

30-071 

59-2 

46-3 

NW 

9    30-107 

30-148 

30-128 

30-155    67-6 

55-2 

NNW 

9 

30-042 

30-032 

30-040 

30084 

621 

50-3 

NW 

10    30-111 

30-108 

30-118 

30-180    63-7 

50-0 

NW 

10 

30-078 

30-126 

30-118 

30-1.34 

57-1 

49-2 

WNW 

11    30-202 

30-210 

30-117 

30-086   66-6 

44-4 

W 

11 

30-073 

30-007 

29-993 

30-049 

63-3 

51-2 

W 

12    30-081 

30-126 

30-098 

30-1:^3   67-9 

52-4 

N 

12 

30-037 

30-04.5 

30-016 

30-021 

64-7 

48-9 

WSW 

13    30-083 

30-082 

30-015 

30-012    69-2 

46-0 

NNE 

13 

29-869 

29-984 

29-987 

30-013 

62-2 

49-2 

WNW 

14    29-986 

30-012 

29-997 

30-044    66-1 

50-5 

NW 

14 

29-964 

29-938 

29-932 

30-001 

60-1 

46-1 

W 

15    30-047 

30-040 

29-870 

29-709   66-7 

48-5 

wsw 

15 

29-965 

29-783 

29-413 

29-398 

57-9 

42-6 

SW 

16    29-549 

29-5.55 

29-62 

29-752    63-5 

50-9 

WNW 

16 

29-390 

29-525 

29-612 

29-666 

63-2 

47-2 

N 

17     29-783 

29-801 

29-717 

29-751    69-2 

50-7 

SW 

17 

29-571 

29-492 

29-475 

29-424 

59-1 

48-5 

WNW 

18    29-7-24 

29-703 

29-698 

29-742    63-9 

52-4 

TVNW 

18 

29-330 

29-335 

29-408 

29-492 

54-1 

45-4 

WNW 

19    29-744 

29-730 

29-644 

29-536   62-7 

54-3 

W 

19 

29-420 

29-337 

29-251    29-^73 

56-3 

47-4 

WNW 

20    29-547 

29-629 

29-703 

29-794   60-5 

47-7 

W 

20 

29-268 

29-343 

29-438   29  569 

.53-8 

44-8 

WNW 

21    29-840 

29-910 

29-829 

29-656    61-3 

42-6 

SSW 

21 

2y-629 

29-693 

29-615 

29-449 

54-1 

44-1 

NW 

22    29-467 

29-741 

29-837 

29-942    59-4 

48-1 

w 

22 

29-372 

29-438 

29-510 

29-708 

52-4 

42-2 

W 

23    29-987 

30-006 

29-882 

29-881    59-0 

42-5 

w 

23 

29-680 

29-568 

29-547 

29-658 

5U-6 

43-2 

W 

24    29-870 

29-940 

29-926 

29-787    60-8 

46-1 

WMW 

24 

29-792 

29-809 

29-601 

29-535 

51-1 

43-3 

SW 

25    29-751 

29-797 

29-«74 

29564   65-2 

53-9 

V\' 

25 

29-563 

29-5-24 

29-228   29-241 

55-1 

47-3 

SW 

26    29-585 

29-505 

29-495 

29-5-29 

61-2 

49-2 

SW 

26 

29-148 

29-029 

29-000   2.^-119 

52-0 

41-2 

wsw ' 

27 

29-531 

29-509 

29-418 

29-503 

60-3 

45-1 

s 

27 

29-165 

29-244 

29-299    29-426 

53-9 

44-2 

WNW 

28 

29-545 

29-661 

29-710 

29-790 

58-1 

40-2 

w 

28 

29-499 

29-590 

29-600   29-618 

51-1 

36-1 

w 

29 

■29-76C 

29-721 

29-583 

29-276 

57-7 

35-2 

s 

29 

29-611 

29-648 

29-640   29-677 

50-1 

37-6 

E 

30 

29-226 

29-280   29-338 

29-464 

55-7 

46-0 j       S 

30 

29-607 

29-491 

29-359   29-423 

52-4 

43-1 

NE 

OCTOBEE,  1899. 


10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
I  20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 


29-475 
29-186 
30-029 
29-763 
29-984 
30-159 
30-139 
30-336 
30-327 
30-228 
30-086 
29-639 
29-658 
30-094 
30-152 
29-925 
29-952 
30-2-28 
30-366 
30-345 
30-325 
30-386 
30-258 
30-244 
30-346 
30-021 
29-785 
29-739 
29-976 
29-559 
29-955 


29-284 
29-456 
30-024 
29-826 
30-059 
30-159 
30-202 
30-381 
30-317 
30-250 
29-973 
29-564 
29-807 
.30-141 
30-145 
29-915 
.30-041 
30-310 
30-390 
30-360 
30-390 
30-393 
.30-246 
30-3-20 

30  sm 

29-953 
29-772 
29-796 
29-965 
29-697 
30-049 


29-108 
29-787 
29-896 
29-862 
30-101 
30-112 
30-221 
30-323 
30-235 
30-182 
29-822 
29-437 
29-946 
30-140 
30-033 
29-872 
30-087 
30-3-25 
30-337 
30-288 
30-375 
30-323 
.30-187 
3U-306 
30-211 
29-852 
29-720 
29-840 
29-838 
29-821 
30-101 


29-202 
29-981 
29-821 
29-961 
30-166 
30-132 
30-301 
30-346 
30-23U 
■30-170 
29-750 
29-562 
30-0*4 
30-184 
29-9!'9 
29-917 
30-178 
30-307 
30-364 
30-3:i9 
30-4<X) 
30-303 
30-2-2O 
30-357 
30-139 
29-815 
29-7.-* 
29-952 
29-695 
29-916 
30-151 


62-2   44-3 

E 

1 1 

53-2   43-9 

W 

2  ■ 

60-5   41-8 

sw 

^i 

57-1   48-3 

N 

4i 

52-8   43-4 

NE 

5  1 

54-1   41-9 

E 

6 

55-1   36-3 

N 

7 

55-2   33-4 

NNW 

8 

571   .35-0 

SE 

9  ! 

57-8   33-1 

SSE 

10 

60-9   35-8 

S 

11 

61-2   45-0 

WSW 

12 

53-3   36-5 

NW 

13 

.51-3   31-0 

N 

14 

52-3   40-8 

ENE 

15 

56  1    42-0 

ENE 

16 

58-6   43-9 

ENE 

17 

620   37-0 

E 

18 

57-1   37-0 

E 

19 

54-1   34-0 

E 

20 

44-1   37-0 

E 

21 

52-2   40-9 

E 

22 

54-3   40-0 

ENE 

23 

58-6   45-4 

W 

24 

61-2   46-7 

s 

25 

57-0   47-7 

s 

26 

59-9   55-1 

s 

27 

62-0   51-0 

SW 

28 

61-0   52-7 

ssw 

29 

58-7   43-7 

NW 

30 

55-0   40-3 

w 

31 

29-447 

29-473 

29-578 

29-530 

30-066 

30-135 

30-116 

30-282 

30-167 

30-009 

29-824 

29-326 

29-510 

30-046 

30-154 

29-931  I 

29-829 

30-142  ' 

30  244 

30-238 : 

30-356 

30-315 

30-159 

30-1.34 

30-219 

29-623 

29-633 

29-603 

29-625 

-29-495 

29-550 


29-477 
29-580 
29-387 
29-704 
30-135 
30-128 
30-152 
30-286 
30-147 
30-039 
29-719 
29-343 
29-712 
30-125 
30-156 
29-871 
29-926 
30-198 
.30-261 
30-284 
30-393 
.50-285 
30-136 
30-248 
30  145 
29-637 
29676 
29-479 
29-437 
29-550 
29-737 


29-439 
29-684 
29-338 
29-831 
30-156 
30-096 
30-189 
30--:20 
30-076 
29-978 
29-570 
29-334 
29-820 
30-126 
30-051 
29-780 
-^9-995 
30-210 

!  30-218 
30-2S2 
30-366 
30-227 
30-050 
30-272 
29-948 
29-611 
■29-629 
29-508 
29-134 

;  29-512 
29-814 


29-435 

.52-5 

49-3 

E 

29-666  53-7 

45-5 

N 

29-385 

55-4 

47-5 

WSW 

29-998 

53-5 

42-3 

w 

30-160 

47-9 

41-4 

NW 

30-108 

.52-4 

37-3 

W 

.30-282 

,53-8 

40-3 

WSW 

30-208 

.54-2 

41-7 

WSW 

.30-044 

.54-1 

45-8 

wsw 

29-910 

.56-3 

52-1 

WSW 

29-456 

57-5 

52-7 

SW 

29-410 

57-3 

41-9 

NW 

29-944 

46-8 

39-8 

N 

30-161 

4.5-6 

33-6 

W 

30-013 

49-5 

32-4 

jluK 

29-808 

54-1 

39- 

ESE 

30-073 

59-7 

49-7 

S 

30-240 

61-1 

54-4 

SSW 

30-:i40 

61-4 

46-1 

SW    1 

.30-341 

56-8 

52-9 

w 

30-363 

52-6 

42-3 

E 

30-205 

48-7 

35-4 

WNW 

30-028 

53-8 

47-9 

WSW  1 

30-293 

53-1 

41-3 

WNW 

29-754 

52-3 

41-0 

s 

29-618 

45-8 

48-1 

WSW 

29-650 

50-1 

40-0 

NNE 

29-609 

54-1 

41-2 

.SW 

29-389 

56-3 

46-4 

ssw 

29-538 

49-2 

.38-4 

w 

29-732 

49-7 

38-9 

w 
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KEVV. 

GLASGOW. 

Babometer. 

Tempera- 
ture. 

a  ° 

Barometer. 

Tempera- 
ture. 

>M  a 
0  0 
a  0 
.25 

.2| 

o 

ej 

4a.m. 

10a.m. 

4p.m. 

10  p.m. 

Max 

Min. 

-g     4  a.m.  ,10  a.m.  4  p.m. 

10  p.m. 

Max  Min. 

fi 

OS 

fi 

pS 

1 

30077 

29-996 

29-790 

29-657 

55-1 

354 

s 

1    29-656   29-604  29-488 

■29-326 

53-9 

49-0! 

SW 

2 

29-579 

29-575 

29-495 

29-489 

59-6 

54-4 

s 

2 

29-168   29-194   29-096 

29-065 

56-3 

47-3! 

SSW 

3 

29-550 

29-55=. 

29-407 

29-512 

58-9 

49-3 

s 

3 

29-013   28-788  28-725 

29-050 

52-4 

43-11 

S 

4 

29-543 

29-609 

29-616 

29-5SS 

60-8 

49-3 

S6\V 

4    29-251   29-322   :i9-076 

28-958 

58-7 

43-2: 

SSE 

5 

29-578 

29-735 

29-797 

29-831 

60-1 

50-4 

s 

5    29-130   29-.322   29-473 

29-550 

56-4 

45-3 

SW 

6 

29-776 

29-838 

29-938 

30-044 

.V2-9 

43-1 

NNW 

6    29-518   -29-512   29-616 

29-709 

48-6 

42-3 

SW 

7 

30048 

30033 

29-906 

•29-r20 

54-6 

38-9 

S 

7    29-662   29-465   29-279 

29-138 

54-3 

43-5 

SSW 

8 

29-447 

29-412 

29-430 

29-476 

56-0 

48-0 

SW 

8    28-936   -28-878   28-809 

29114 

52-5 

45-1, 

SW 

9 

29-664 

29-875 

29-940 

29-874 

54-3 

46-9 

W 

9    29-415:29-663   29-734 

29-645 

46-3 

40-3 

WNW 

10 

29-529 

29-453 

29-562 

29-884 

58-9 

47-3 

SW 

10 

29-337   29-069   29-082 

29-336 

52-4 

39-9 

s 

11 

30043 

30-OSO 

30032 

30-203 

56-2 

43-3 

SW 

11 

29-439,29-534   29-690 

29-849 

46-3 

38-6 

NW 

12 

30-252 

30-315 

30-349 

30-387 

53-0 

42-0 

w 

12 

29-958   30-077  30-069 

30-146 

51-6 

40-2 

WSW 

13 

30-363 

30-389 

30-321 

30-2S1 

53-4 

41-9 

SW 

13 

30-026   30-054  30-012 

29-934 

53-1 

50-1 

WSW 

1  14 

30-208 

30-196 

30-195 

30-307 

53-1 

35-2 

s 

14 

29-862   29-884   30-073 

30-351 

53-0 

43-9 

SW 

15 

30-414 

30-547 

30-561 

30-602 

50-6 

35-7 

s 

15 

30-504   30-607  30607 

30-610 

45-1 

38-4 

E 

16 

30-616 

30-640 

30-609 

30-633 

49-4 

40-8 

E 

16 

30-594   30-603   30-593 

30-613 

46-1 

38-3 

S 

17 

30-647 

30-690 

30-665 

30-673 

47-1 

39-0 

ESE 

17 

30-639  j  30-660  30-660 

30-653 

48-3 

40-9 

W 

18 

30-655 

30-638 

30-571 

30-540 

46-4 

31-2 

NE 

18 

30-595,30-581   30-466 

30-415 

43-1 

32-2 

E 

19 

30-473 

30-454 

30-362 

30-322 

46-0 

34-7 

X 

19 

30-346   30-287   30-175 

30-124 

50-5 

42-2 

WSW 

20 

30-249 

30-245 

30-267 

30-379 

48-9 

34-2 

W 

20 

30-169   30-260   30-309 

30-321 

50-5 

41-2 

E 

21 

30-410 

30-436 

30-384 

30-395 

45-1 

34-9 

NE 

21 

30-271   30-241   30-204 

30-231 

50-1 

40-4 

WSW 

22 

30-364 

30-425 

30-428 

30-440 

49-1 

43-8 

W. 

22 

30-155  1  30-306   30-290 

30-249 

50-1 

44-9 

WNW 

23 

30-406   30-401 

30-33S 

30-334 

50-0 

44-2 

w 

23 

30-131 

30-054  30-026 

30-014 

52-1 

45-9 

W 

24 

30-284   30-278 

30-221 

30-247 

50-2 

44-8 

wsw 

24 

•29-905 

29-852   29-876 

29-983 

52-8 

48-8 

w 

25 

30-277   30-350 

30-373 

30-423 

51-9 

46-1 

SW 

25 

30-050 

30-136   30-169 

30-163 

52-3 

49-6 

w 

26 

30-406   30-427 

30-375 

30-369 

52-2 

43-2 

SW 

26 

30-087 

29-984  29-912 

29-968 

53-3 

48-8 

wsw 

27 

30-341   30-376 

30-372 

30-425 

54-7 

4:3-9 

wsw 

27 

30-043 

30-109   30-147 

30-165 

52-8    50-2 

w 

28 

30-432   30-481 

30-438 

30-465 

53-2 

40-8 

w 

28 

30-124 

30-165   30-182 

30-238 

53-3    50-9 

w 

29 

30-460   30-487 

30-445 

30-434 

490 

30-3 

w 

29 

30-244 

30-276   30-24(3 

30-222 

52-2    47-9 

w 

30 

30-391 

30-374 

30-25U 

30-208 

44-1 

27-8 

NW 

30 

30-.!64 

30-075  1  29-929 

1 

29-789   49-9    46-9 

SW 

DECEMBER,  1899. 


1 

30-130 

30-108 

30-008 

30-113 

52-9 

42-0 

SW 

1 

29-768 

29-807 

29-863 

29-975 

50-3 
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